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Abstract 

A linear programming economic development model can help 
regional planners influence the most desirable type of growth for 
rural areas. Optimal resource use, investment, and industry mix for 
manufacturing, services, government, and a^culture are reviewed 
for Mnt regional macroeconomic goals, wit|^4he tradeoffs evaluated 
for attaining one objective over another. Multiple regression analysis 
allows the most desirable industries to bm identified by economic 
characteristics such as capital/output and value added/labor rather 
than product type. Although the results are specific for a region in 
northwest Adrkansas, the general conclusions Should be valid for 
other areas as well. 

Keywords: Linear programming, multiple regression, rural 
development, regional goals, economic planning, SIC codes. 
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Summary 



Planners in .muliicounty rural areas can prcrfitably use the ROAAP 
(Rural Development, Activity Analysis Planning) economic model, 
especially its general conclusions, to try to influence the optimal 
growth of their areas among different general economic goals. The 
model implies that the best industries for rural aieas have the 
following attributes: ^ 

— High proportion of imported inputs. 
r-Low transportation cosu. 

—High value added output ratio and value added' labor ratio. 
—Low p>ercentage of the labor skill that is txuSsi scarce. 
— Low capital/output ratio. 

The model likewise suggests that conversion of agricultural land - 
from the land use pattern of lower income farms to that.of higher 
income farms is always desirable in a region, regardless of the 
region's general economic objective. 

The linear programming model was specifically applied, in this 
report, to a region in northwest Arkansas comprising Benton, 
Madison, and Washington Counties (the BMW region). The model's 
alternative objectives Were to maximize the following: regional 
balance-of-trade surplus, regional balance-of-paymeitts surplus, 
gross regional product, gross regional product (assuming some labor 
force immigration), local value added, local wage bill, local 
.employment, regional industry-wide profits, and a regional rate-of- 
retum index. 

Data were obtained for the years 1960-70 to compare the growth 
of employment by industry in the model with the actual growth 
in the area. Such an economic planiling;^^ model can be used to 
evaluate the most efficient organization of local resources relative 
to an aggregate goal for the region, such as maximization of 
gross regional product or minimization of local unemployment. 

Because a portion of the BMW region (Benton and Washington 
Counties) has recently been designated a Standard Metropolitan 
Statistical Area, this study can provide a vehicle for examining how 
an area might be deytloped optimally from a rural to a more urban 
status. VaHous experiments resulting in different versions 
(modifications) of the model were undertaken in order to improve 
the model and to simulate alcenRtive regional assumptions. 
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Tradeoff curves were creaied beiwcen pairs of ahernaiive regional 
objeciives wiih one objeciivc maximized while ihe oiher was varied 
paramemcally. Shadow price results for the corisirained exports of 
manufactures were also exainined. Multiple regression analysis on 
these shadow prices was undertaken (1) io explain these export 
\*aluaiions in terms of nine industry economic characteristics, rather 
than in terms of product type and {2} to infer export shadow prices to 
industries not already included iii the linear programming model. 

The modelt especially its general conclusions, seems useful for 
economic planning. Some of the model's general economic planning 
principles or strategies, in addition to those cited above, are: 

— Some industry economic characteristics affect the level of 
many or most of the regional objectives; others affect only one 
or a few of the objectives. 



— Having to make tradeoffs among different objectives seems to 
be a typical pattern; a gain (loss) in dne objective implies a loss 
(gain) in another, for a given quantity of exports and labor, 
and for a fixed level of technology. 

— The regional objectives tend to fall into two groups: those that 
lean more toward the interests of capital or management 
(maximizing balance-of-trade surplus, balance«of*payments 
surplus, gross regional product, industry-wide profits, and 
industry rate-of-return index); and those preferred by labor 
(maximizing local value added, local wage bill, and local 

empl^iyment). 

,1 

— The tradeoff range between a capital-orienced and 
a labor-orientetl objective is much larger than be- 
tween pairs in each group. 

— In ihe optimal sol uc ion, levels of industry emplo>- 
ment, types of industry, industry production levels, and 
regional economic indictors (like balance>of-trade 
surplus) are, in geiWral, more similar for ihe capital- 
orienccd objectives and for the la ^x>r -oriented objec- 
tives, than for any two objectives, one from each 



group. 



—Both the tradeoff range and the tradeoff possibilities 
between pairs of aliernative regional objectives 
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expand for more open regions (thoie regions with 
increased potential let export trade and labor flows). 

—Opportunity cotts between pairs of alternative 
regional objectives remain birly constant for more 
closed regions, but increase for more open regions. 

sensible planning praaice is to identify which 
pairs of goals are likely to lead to conflict, and then 
to have the local political process, for example, 
select a compromise from among the solutions that 
are efficient with respect to both geiAls. # 
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Introduction 

This report analyzes how a mulucouniy rural area can attain general 
economic goals and the tradeoffs involved in giving some goals 
priority over others. The discussion, although specific to Benton, 
Madison, and Washington Counties in northwest Arkansas (the 
BMW region), should be use(ul to planneirs and their technical staffs 
in other regions as well. Planners in areas similar to the BMW region 
will find useful the specific results and the methods uaied, while 
planners in other multicounty rural areas will find more useful the 
general results and^methods. Perhaps the most important audience 
will be economists ^and other consultants concerned with regional 
economic development who should find useful the general results 
and the methodologies used in the study. 

The regional economic goals considered are maximizing regional 
balance-of- trade surplus, regional balance-of -payments surplus? 
gross regional product, gross regional product (with labor 
immigration assumed), regional value added, regional aggregate 
wage bill, regional employment, regional industry profits, and 
regional industry rate-of-retum index. Such goals constitute only a 
portion of the entire regional planning problem. AYural economic 
development planning model is used to illustrate what such a model 
can tell local area planners and thereby aid them in their planning. 
The model is called RDAAP (Rural Development, Activity Analysis 
Planning). The output of the model yields the industry mix, regional 
import and export levels, employment requirements by skill level* 
and so forth. 




Leaders in muhicouniy rural areas face numerous problems in 
auempttng lo improve ihc well-being oflhe area's inhabiianis.The 
overall planning auihoriiy, to ihe exieni iKai ii exisis, reside! in 
agencies or insuiutions such as councils oi governmenMCOG's) or in 
appointed or elecied officials with jurisdiction over such areas a^ ihe 
governors' substate planning districts, local development districts, 
and so forth. The pow er of these agencies varies from area foarea but 
most are advisory bodies rather than administrative. Area gjrowth and 
development planning includes planning for health needs, 
eaift>loymcni requiremenu, increases in per capita income, educa- 
tional goals, transportation and reqeation fadlities. environmental 
improvements, and others. The achievement of many, of thes^ore 
specific goals is, of course, interrelated as is the achievemem of the 
more general regional economic goals discussed in rhis bulletin. >^ 

A region faces many growth choices, and it is hoped that &om€j>Hhe 
model's solutions may provide assistance in making these choices. 
The discussion is as nontechnical as possible, although some 
sections may be too technical for some readers. Those sections are 
noted as they appear so that they can be skimmed 6r omitted by such 
readers. Conversely, a reader who wishes a more detailed description 
of the material presented may want toconsult the parent document of 
this report [J 3] as wel I as other articles and reports that explore^ some of 
the results more deeply [H, 13. 16, 17. 18, 19, 20,21 ,22]> Thxi individ- 
ual componenu and mar hematical structure of the linear programming 
model used are given in [21\ The model and study(s) upon which the 
present model (RDAAP) is based were developed by the Stanford 
Resrarch Institute (SRI) under contract to the U.S. Department of 
Agriculture. The original ^SRI model, the ^Kentucky Model," was 
developed by Spiegelman [5]. Further development of the model by 
SRI is given in [;? and 6], 

The style of this bulletin is discursive, covering successive 
experiments with various versions of the model, each devised to help 
illuminate or resolve a specific question. Each version is explored, 
and its strengths and weaknesses assessed. Some of the model versions 
incorporate improvements over other versions. These improvements 
were added to help make the model more realistic and* therefore, 
more likely to be applicable to the area. The best p/anntVig version of 
the model uses activity types and input coefficients that in general 



*ttaliciicd number* in bracken refer lo •ourcci ciicd in ihe Relerencct •eciton ai ihc 
eiui of ihift report 



make the model more realistic as compared with the "real world.'*' 
The fact that these more realistic assumptions have also led generally 
to realistic results is reassuring. Insights and other observations on 
the model resulu with respect to planning optimal economic growth 
will be discussed. Some of the results are general, some specific, for 
the various model versions. 

The tiesults and model versions described here do not exhaust the 
possibilities for useful research oiilkr model structure or on its 
results. Improvements can still be made in the model, some of which 
are indicated in the text. The researcher must make choices of which 
topics to explore and develop more fully and where to use simpli- 
fying assumptions. The original intent of this work was to assess the 
strengths and weaknesses of the model as it was develdped by the 
Stanford Research Institute (SRI). Where possible, improvements are 
incorporated based on this assessment. 

This report includes a minimum of tables and other specific ctata and 
results. The specific output of any model depends upon the values 
assuminl for {he constraints, coefficients, degree of industry dis- 
SiggttgAiion, and the number and nature of the simplifying 
assumptions. Data or sectoral aggregation errors can lead to possible 
output errors. Less emphasis will be placed on the exact results and 
more on general re!(ults obtained from the research. 

As an example of this more general focus, as will be discussed later, it 
may be better to interpret optimal industries selected by the 
programming algorithm not merely in terms of their Standard 
Industrial Classification (SIC) number, but also in terms of industry 
characteristics such as the capital/labor ratio [7^, ^^]'\^ model with 
a limited number of specific industry choices from among all 



'One vmion of iht modrl (Baplc Modrt) ii a predutivt, not planning vrriiun. 
A planning modtl dot% not nfceuarily have to predict welt, at though luch a 
conturrcnte doe% tend to validate the planning ''pitfnaiption%" <ierived from the 
model'i rtiuhi. At indiottiSd later in this report, prediction ain be in termi of induiiry 
charactertttici i%uth ai capital ouipui ratio) rather than merely in termi of specific 
induitrv typei [18, t9l 

A model containi both exogenoui and endogenous variables. In a planning model 
the former have lo be predicted before the model can be run. The reiulu for the model'i 
eiHlogmoti^vartabiet can then be used as predictions of ^'real world" results. This is 
atirmped using one of the RDAAP model versions. Note, however, that a poor 
prediction by the endogenous variables does not necessarily imply ihat the predictions 
of exogenoiu variables were inadequate, 

*The ''Standard Industrial Classification'' (SIC) of the Dept. of Commerce 
(where oneniigit industry groups are the most aggregated industry group as to type of 
product^ and four digit groups are the least. 
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iheorciically possible choices, musi noi be viewed loosiricily wiih 
respect lo industrv product alone. 

Although the specific model results obtained should be reasonably 
accurate* the emf^hasis is on the qualitative or interpretive findings. 
These general results correspond quite well with what one might 
expect from economic theory. For example, the results yield the. 
expected concavity of the objective function tradeoff curves, and as a 
region is made more open to trade and labor flows, both gross 
regional product and industry specialization increase 1/5, 76, 17]. 
It seems reasonable to conclude that the ljLpfar<««(il^||ptions in the 
model are acceptable, even though economic relations are» in 
general, not linear. The linear nonlinear controvmy* often cli.s- 
cussed in applications of linear programming models, is nor 
explored here. 

The decade 1960-70 was chosen for this study in order lo ttSt (using 
one version of RDAAP) the degree of similarity of the ^irea's actual 
industry growth (in employment) over the historical period to the 
model's optimal industry growth. 

Although the model was run using 1960*70 d;ua, the results still 
should prove^Q^ be of interest for planning today. Not, of course, the 
specific leveb of industry and labor skills chosen by the model, but 
rather the type of industry, and the industry and labor .v/iiirf.r of those 
levels, Thus, general interpretations of the results of the model 
should prove useful for current rural area planning and planning in 
the near future. 

The Study Region 

The BMW region (Benton, Madison^ and Washington Counties) 
lies in the northwest corner of Arkansiis. The area is a fairly 
integrated economic unit in terms of labor commuting patterns. 
U.S. Rouie 71 forms the industrial hub and transportation axis, 
ranging from Fayetteville in Washington Ck>unty in ihe south, 
thtough Springdale, Rogers, and Bentonville to the north. The 
latter two towns lie in Benton County, Madison County, located 
to the east, has a comparatively sparse population; its major 
town, Huntsvillc, the county seat, has ^ifiout 1,000 inhabitants. 
Fayetteville and Bentonville arc the County .seats for Washington 
and Benton Counties, respectively, 



Geography of the Region 

The physical terrain is generally mounuinous. with Madison 
County entirely so, but with northern Washington County and 
Benton County becoming progressively less hilly as the area 
begins to merge into the western, prairie. The BMW region is 
located near the geographic center of the Ozarks Mountain 
region. Average elevation is about 2,000 feet. 

The climate in the region is temperate, but with distinct seasonal 
changes. The weather is quite changeable and temperatures can 
rise or Call 20 degrees in a few hours. Spring weather is especially 
turbulent and tornadoes can occur* For Little Rock, Ark., about 
150 miles southeast of Faycticvillc, the coldest month is January 
with a normal maximum temperature of 50°F and a normal 
minimum of 29®F, The warmest month is July with a normal 
maximum of 93^F and a normal minimum of 70^F. Normal 
annual precipitation is 48.52 inches [4]. Average temperatures for 
Fayeitcville are slightly lower. 

A major resource in the BMW region is the Beaver Reservoir on 
the White River. This reservoir, lying mostly in Benton Couniy, 
is the newest of a chain of four reservoirs on this river. The 
reservoir and iu environs are a major recreation area, as well as 
the source for the BMW region of a very large supply of high- 
quality water flooring out of the Oiark National Forest. The area 
is favorably located with respect to natural gas, a raw material of 
great importance. The BMW region itself has no gas wells, bui^ 
there arc a number of wells and aiTadequate supply of gas for 
northwest Arkansas {enough for local use* but not interstate 
shipment) in the nearby counties of Franklin. Sebastian, and 
Logan. 

Developmenul Cofiflici 

Despite a small airport and a two-lane highway (Rt. 71). the 
mountainous terrain tends to isolate the BMW region from the 
rest of. the country. Accordingly, there is a major conflict over the 
level of future economic development to be encouraged. This 
conflict i% illustrated by the debate surrounding proposals to 
build a larger airport irt the region and an interstate highway 
from Kansas City through Fayeiteville to New Orleans. Both 
projects would spur regional economic growth and development. 
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Conflict oVer de^i^lopment policy often occurs in rapidly growing 
areas like the BMW region. One group of citizens feels that there 
already has been sufficient development, and prefers to close the 
area to newcomers to assimilate recent growth. An opposing 
group, primarily representing business and commercial interests, 
desires more expansior^ The question of whether to build the 
proposed road is still being discussed, while the debate regarding 
the new airport is focused on its geographical location rather 
than its constructipn. The proposed location of the airport lies in 
the middle of prime (for the area) agricultural land owned and 
farmed mostly by people of Italian heritage. These people do not 
wish to see their land and way of life altered as the price for the 
increased welfare of the whole region. This example of develop- 
ment conflict in the BMW region suggests the inevitability of 
such disagreement, and indicates the need for cooperation and 
compromise in both setting and achieving development 
objectives. Any regional objective ^ught by one special interest 
group is likely to be unacceptable to another group. An economic 
development planning model can be used to exhibit and study 
such intraregional conflict. 

The BMW region's developmental conflict question posed here- 
rapid versus slow regional growth — cannot be precisely answered 
by the RDAAP model as presently constructed. It pinpoints a very 
specific problem whereas RDAAP considers relatively general 
economic objectives. To handle this conflict, RDAAP would have 
to be exfjanded (this requires extensive additional data but 
presents no serious theoretical problems) to include more industry 
detail and more noneconomic objectives, such as environmental, 
welfare, and other non^owth goals. A problem in considering 
growth versus no growth in RDAAP is that some of the "givens" 
in the model — the so-called exogenous variables such as* 
population and labor force grpwth — should not be assumed as 
given, but rather should be made alternative objfcttvfs in the 
model. Nonetheless, fo^ various assumed levels of population and 
labor force targets, a chosen regional objective can be optimized 
separately for each target level. The model provides insights into 
economic tradeoffs among(|farious interest groups within the area 
relative to general economic objectives. 

- Development conflict represents a crucial planning dilemma. It is 
a major problem in any planning situation involving conflicts of 
interest among various groups of people. It is rarely possible to 




satisfy the wants and goals of all competing groups when 
resources and funds are scarce. In many cases, a given policy can 
satisfy more thah one goal or group at a time, but verf often one 
faction's success comes at the expense or cost of reduced success of 
another group. Such tradeoffs should be recognized as both 
possible and likely. They seem to represent an inevitable, and 
often crucial; dilemma to both the planners and residents of the 
region. A politician, however, may conceal this conflict in order 
not to alienate any constituency entirely. 

It is the task of the planner to illuminate and quantify these 
uradeoffs as much as possible so that, through the political 
process, a well-informed and intelligent decision can be made. It 
should be based on knowledge of the costs and benefits of various 
alternative plans; the one plan that is deemed best by the body 
politic is the one which should be implemented. Analysis of the 
political aspects of such, problems is beyond the scope of this 
report, but the prospects for uradeoffs among conflicting 
objectives will be examined. 

Other Characteristics 

Arkansas is a leading broiler-producing State, Broiler-related 
activities, including processing, are largely centered near Spring- 
dale and Fayetteville. Large manufacturing employers in Benton 
and Washington Counties include a company that produces 
plastic materials, a firm that constructs small electric motors, and 
a firm that manufactures air rifles. These and other 
manufacturing planu in the BMW region would benefit from the 
*^upgrading of the transportation network through reduced 
transportation costs on both production inputs and finished 
products. In addition, another large and importifht facility in 
Washington County of great economic, culturalyand employment 
significance is the University of Arkansas aiTft^tteville, with an 
enrollment of about 13,500 students. Madison County, however, 
has virtually no manufacturing and little service employment. 

Fayetteville is rapidly becoming a regional center for primary and 
secondary medical care. An example of secondary medical care is 
the access to a computerized axial tomographic (CAT) scanner. 
Tertiary medical caref like kidney transplant facilities, is not 
available in the area, although these services can be obtained in 
Tulsa (Okla.) and Little Rock (Ark.), about 105 and 150 miles, 
respectively, from Fayetteville. 



The BMW region's favorable mixture q| climate, recreation 
facilities, lower cost of living, and relative isolation has attracted 
a sizable retirement population. The growing ni!rmbers of retirees, 
who tend to prefer a slower developmental pace in order to 
maintain the quality of life and environmental amenities of the 
region, will probably make conflict more likely over the 
economic goals and priorities for the area. 

The 'population of the BMW region has risen significantly over 
rfae past two decades, as shown below [9, 10]: 

I960 1970 1978 

BMW Region 101,138 137,299 171,70O> 

Benton County 36.272 bO,476 66,400 

Madison Ck>unty 9,068 j 9,453 1 1 ,200 

Washinjgton County 55,798 77.370 94,100 

Employment in the BMW region has grown from 36,125 persons 
employed in 1960, 51,507 employed in 1970i to 82,562 full and 
part-time jobs in 1978.^ Estimates of per capita personal income 
for the BMW region (in current dollars) are||l,497 and 13,053 for 
the years 1960 and 1970, respectively. For 19(78, the figure climbed 
sharplv to $6,341 (in current dollars).* | 

1 

Madison County is a ''bedroom community')' with respect to non- 
agricultural industries. Its female labor*force works about 30 
miles away in the poultry-processing industry around Fayetteville- 
Springdale; the men generally remain at hortie to operate the 
small family farms. Most of the commuting from all counties 
within the BMW region is to the Fayettevillei-Springdale-Rogers 
employment axis on U.S. Route 71 (fig. 1). 

A trend toward increased use of managerial and cleHcal labor, 
with a corjresponding shift to less skilled and unskilled labor, was 
evident froiti 1960-70 in the BMW region, Arkansas, and the 
Nation (table 1). The managerial labor percentage in bpth years 
for the region is fractionally above the State averag^^, biit a*few 
percentage points below the national average. Clerical labor 



'&>urce: see [9] for 1960 and 1970. (//] for 1978. The 1978 figure refers to the 
number oijobs\ the 1960 and 1970 figures refer to the number employed. 

'The 1960 and 1970 year figures are income estimates dilculated by the author. 
And are the values used in the analysis. The 1978 figure is calculated from a 
different source [12], ■ 



percentage is slightly lower in the region than in the State, and 
sharply less than the national average. Cpnversely, there is a 
higher percentage of skilled labor use in the region than in the 
Nation and in the State. The percentage use of unskilled labor for 
the region in 1970 lay midway between the State and national 
percentages, although the differences are not large. 

The percentages in table 1 reflect the BMW region's heavier 
commitment to manufacturing industries (which usually show a 
higher percentage use of skilled labor), and lesser commitment to 
the service industries (which usually have a higher clerical labor 
requirement) than the State or. especially, the Nation. 

Figure 1 ^ 

Th« BMW R«oion: B«nton, Madison, and Washington 
Countios, Arkansas 

Missouri 



A major portion of the BMW region was dwignatetl a Standard 
Metropolitan Statistical Area (SMSA) after the 1970 U.S. Census 
of Population. The Fayetteville-Springdale SMSA comprises 
Benton and Washington Counties. The model used in this 
analysis was designed for use in rural areas with moderate-sized 
central cities. Running the model for this area fromnhe year 1%0 
to 1970 provides an opportunity to study how an area can evolve 
optimally (versus how it actually did evolve) from a relatively 
rural to a relatively urban status. Historically, population growth 
has generally been associated with increased urbanization. Such 
an increase in urbanization is often the indirect result of an 
economic development program. 



The Model 

The model used is a rural economic development, linear 
programming (activity analysis) planning model (RDAAP). The 
model was applied to the BMW region in northwest Arkansas 
over the decade of the sixties. The terms "activity analysis" and 
linear programming * are used synonymously. Six versions of 
the RD.\AP model were developed. There are 394 columns or* 
activities (including the right-hand-side column but excluding 
slack activities), and 365 rows or constraints in four versions of 



Table 1— Skill levels of employed labor force, I960 and 1970 

Mana- q^^^j ^j^u^ Unskilled Total 
Region gerial 

I960 1970 I960 1970 I960 1970 I 960 1970 I960 1970 



Percent 

BMW region 18.5 20.0 8.6 12.6 44.6 40.1 28.4 27.3 100 100 

.Arkansas 17.0 19.5 9.0 13.1 40.0 38.8 33.0 28.8 100 100 

United States 19.6 23.1 14.4 18.0 35.8 33.3 30.2 25.6 100 100 



Now: 1970 IS the most retpni year for which such data art available. Farm 
"managrrs" are includrd as skillrd wurkrrs in ihis table and ihroughoui this repon. 
Source [S. 9). 
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the RDAAP model.* A fifth model version has additional 
activities or constraints, and a sixth version has fewer; both of 
those are discussed toward the end of this report [21]. The model 
is solved for various objective functions for the optimal levels of 
these activities in the 1 0th year of growth beyond a bhse year. 

The labor force of RDAAP is divided into four skiU levels: 
managerial, clerical, skilled! and unskilled. Labor activities 
include four incommuting, four outcommuting, and one skilled- 
labor training activity, which converts unskilled workers into 
skilled. The various subgroups of columns and rows form the 
distinct sectors of the model, which include service, 
jnanufacturing, government, agriculture, and export and import. 

Service and Manufacturing Sector 

The service and manufacturing sector of the RDAAP model is in 
an input'Output format. This format describes the interindustry 
flows of goods and services between various pairs of industries.^ It 
represents what industries buy from and sell to each other. The 
output of one industry is allocated among the inputs of the other 
industries or to final demand. These flows are then "normalized" 
for each industry column by presenting materials and resource ^ 
requirements per unit of output, where the unit is taken to be |l 
million (in 1963 constant dollars). Products not required foi 
intermediate industry or government use are available for final 
consumption by the residents of the area or for export to other 
areas. 

The manufacturing sector contains 64 industry production 
activities. Corresponding to each of these columns are 64 
commodity rows. The service sector contains 14 production 
activities ajid 14 commodity rows. 

Each service and manufacturing industry in RDAAP is composed 
of the sum of two activities: a current production activity and a 
capacity expansion activity. Since full utilization of industrial 



*Boih ihr coiumni and r6wi are coniidcred "veciOTi**: the ''atuvitiei'' refer 
•pecifically to the columni. "conitrainu" refer to the rowi. 

'Fur an industry with more than one type of product (output), the output is 
classified as a ''joint" or multiple output. No RDAAP model, nonfarm industries 
arc constructed with joint outpuu. but those in the agricultural sector are< Inputs 
consist uf the materials and labor needed to produce the industry output. 
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capacity is assumed in the base year, all expansion above (he base 
year level requires ihvesimeni in capacity. (Agricultural produc- 
tion can be ari excepti^ as will be seen later in this sectioh.) Tfie 
capital expansion activity was constructed with a 10- year 
planning horizon. However, only 15 percent 6f the expansion 
requirement is assumed to be added to current production cost in 
the model because, as Spiegelman, Bauni, and Talbcrt observe: 

"if capital stock grows at a constant proportional rate, 
the proportion invested in the final year [the lOth 
year] would be more than \0 percent. Obviously, this 
proportion would depend pn the overall rate of 
growth of output and capapty, but it can be 
shown that for annual rates of growth ranging 
(K*rfV 5 to 10 percent, the proportion of total 
capacity to be invested in the final year would be 
close to 15 percent" [5, p. 14]. 

Agricultural Sector 

The agricultural production sector includes 12 ^^progressive" farm 
types, and, for simpiicity, combines all "regressive" farm types 
into one aggregated regressive activity. The terms "projfressive" 
and "regressive" refer to the economic or income class ©f the 
farms and are explained below. The farms produce 29 spjecific 
farm commodities. There are 29 activities that can import and 29 
activities that can export these farm commodities. There are 18 
transfer activities that can ' convert" 18 of these 29 commodities 
into I of 10 aggregated farm commodity categories, lliese 10 
commodities are at the aggregation level used in the RD.\AP 
manufacturing industries. Sixteen transfer activities convert 13 of 
the disaggregated farm products, plus 3 pasture categories, into 3 
animal feed commodities used in the 7 farm aninial-feeding 
activities. 

The progressive farms" explicitly embody the technology and 
organization of the higher income fanns (Economic Classes II 
and III). Economic Class I, the highest-income farm type, is not 
considered a realistic possibility for the BMW region. The single, 



'Offihcd in uniiA oi 15 and 25 individual (arnit, (or Economic Clats 11 and III 
fartni. rcApcciivr Iv. as drfinrd by thr US. Census of AKTuulture. 
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aggrrgaicd regressive activiiy* reflects iHe lower income farms 
(Economic Classes IV, V, VI. and part-time) of ihe type that have 
been closing down in the study area, releasing land, labor, and 
capital for other economic activities. One of the functions of the 
model is to convert regressive into progressive farms, which tends 
to transfer land from low income to higher income, more 
successful farms, and to release resources, including labor, for use 
in the nonfarm sector. For simplicity, the question of land use in 
nonfarm sectors is ignored. 

A commodity produced by the agricultural (progressive) sector 
must offset any corresponding production loss caused by 
reduction or cessation of production of that same crop in the 
regressive sector before any net production of the crop is available 
for consumption or export. If there remains a ^'deficit" of that 
cTop. the model debits the region in terms of "foreign exchange" 
by the dollar amount of that deficit,**' A deficit in any crop meansT 
that the region produced more of the crop in the base year than 
in the target year. 

If. however, a ^ surplus" crop results, the model can either export 
it and earn foreign exchange, or the area's food processing 
industry or other local farmers can use it'. Stocks (inventory) as 
well as flows (amount sold) of agricultural animals are recognized 
in the model by theTnclusion of four farm animal (stock) 
commodities. Nine activities regulate the proper levels for four 
farm animal (stock) exports and for five types of animal uransfers 
(to stocks). 

Five categories of land are assumed in the model— cropland, three 
types of pasture, and a total farmland category, which includes a 
nonproductive, residual component as well as the sum of the four 
farmland types. 

Export and Import Sector 

The RD.A.^P model includes importing and exporting manu- 
factured commodities (not services) to and from the BMW region. 
For a majority of manufacturing industries (56). there is at least 
one export activity for each industry whose product can be 

^ _ ii 

'Defined in uniu of 50 individual (armi, for ihc combined Etbnomic: Cla&lcft IV, V' , 
VI. and pari-iime* 

••••Foreign exchange, ' in the regional terue cA ihi» model, referi lo all fundi 
originaiing from ouuide the BMW region^ 
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cxponcd from the BMW rrgion lo the rest of ihe coumr>'. Two 
cxpon "rings/' an inner circle of 200-milc radius from ihc ccnicr 
of ihc BMW rrgion. and an ouier ring of 200- lo SOO-milc radius, ' 
define ihe expon possibilities. 

Exports beyond 500 miles arcnoi included in ihe model. While 
some exports, in reality, would be shipped beyond 500 miles, the 
export constraints needed for^uch an export ring can be ignored. 
Their omission does not affect the model results excessively 
because of the use of parametric programming which simulates 
higher (cotistraiiit) levels of exports. 

Fifty-six industries can export manufactured products to the inner 
ring, and 45 of those can also export to the outer ring, for a total 
of 101 separate manufacturing export activities. Transportation 
costs are assumed higher (and net prices received less) for a 
commodity shipped to the outer ring than to the inner ring. 
There is a separate commodity row corresponding to each manu- 
facturing export activity in each Export ring. 

All manufacturing industries except one — stone and clay 
mining and quarry ing— have an import activity; there are 63 - 
such import activities. This permits the region either to import 
these commodities or to produce them locally. All commodities 
assumed not producible in the BMW' region (i.e., not among the 
production activities in the model) but required by the area, are 
imported by the model via fixed import coefficients in the current 
and capital production activities and in the final demand vectors 
for government and consumption spending. 

Govcmmcni, Consumption, and ^'Foreign 
Exchange" Sectors 

Government enterprises, private consumption, and government 
final demand targets are represented by three activities. The 

foreign exchange" sector consists of four activities: one records a 
surplus of foreign exchange if such a surplus results in the BMW 
region current account; another records a deficit if a deficit results 
on current account; a third records a deficit on capital account; " 



"In oihtr Hordi, (urci|(Ti r^changt rcquircmcnis {Un ihosc prudiarts and »cr\kc» 
a.Mumrd not producible in the BMW rrgiun) arc cuniidercd ai two different row 
requirements in the nujdrl— one for current prt^iduciion activitiet, another for 
ca^Mcitv expansion activities, Since all exports arc allotted to the current account 
row. there is no postihtliiy but deficiit (or the capital account row. 
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a Ipurth represents the outflow of profits from the region. 
Investment into the region is recorded in each individual 
manufacturing and service production activity. Depreciation 
charges on the capacity expansion activities are added to the 
inputs for the corresponding cunent production activity. 
Depreciation charges on the imported inputs for the capacity 
expansion activities are an exception in that they are allotted to 
the foreign exchange row on capital, not cunent account. 

Regional Objectives 

The regional objectives explored in this study ihclude 
maximizing: 

Regional balance-of*trade surplus. 

Regional balance-of-payments surplus. ^ 

Gross regional product. 

Cross regional product, assuminjg that some incotnmuters 
become immigrants. 

Local value added. 

L-ocal aggregate wage bill. 

Local employment. 

Regional private industry aggregate profits. 

Regiotial industry-wide profit rate-of-return index. 

The term 'iocal" means that wages (or employment for the local 
employment objective) are included only for BMW region 
residenu working locally. Wages (or employment) for 
incommuting and outcommuting labor from the BMW region are 
excluded from these totals. 

Regional balance*of*trade surplus is defined here slightly dif- 
ferently from its usual definition^that is, net regional exports 
minus imports, but here including also the net receipts of 
outcommuting labor wages above those of incommuting labor 
wages. Regional balance-of-payments surplus adds to this the net 



flow of in vest men I and profits. Gross regional product is also 
defined somewhat differently: consumption plus investment plus 
government plus exports minus imports, but including also net 
wages of outcommuters above ihosc of incommuters. These net 
commuting rW:eipts were inclined in these regional objectives 
because of their substantial sik'J^ 

Local value added measures the value of all industry output 
minus the value of all inputs, except labor. IncommutTng as well 
as outcommuting labor wages are excluded. Levels of value added 
and gross regional product differ from each other in the model 
f in theory they should be identical) because the former excludes 
outcommuting labor wage. 

Lcxal aggregate wage bill is the sum of industry wage totals, 
again excluding wages for both incommuters and outcommuters. 
Local employment is measured as the sum of industry 
enffjloynlent levels, excluding incommuters and outcommuters. 
Regional aggregate profits for private industry are calculated by 
summing the profit portions of value added for each industry. 
The regional industry-wide profit rate-of-retum irtdex is a 
f weighted sum of the individual industry profit rates of return 
multiplied by the corresponding industry production levels in an 
optimal model solution. The index is measured in units of $1 
million, as are all other objective functions except local 
employment (generally measured in units of 1 million hours 
worked). 

Optimal values of these various objectives cannot be realized 
simultaneously. An important part of this study shows the extent 
to which some economic objectives are sacrificed when others are 
maximized. Tradeoffs among alternative objectives are an 
important part of the planning process. Given an objective, the 
RD.\AP model solves for the itiost efficient way to reach that 
obj ec t i ve , s u bj e<:t to eco n o m i c a ti d tech n i ca I cons tra i n t s . 

Other Characteristics of the iVflodel 

The RDAAP model is of a marginal or incremental form.'^ It 
lakes as giveit the production levels of the base yt*ar, I960, and 



'^rhr qursiiuti uf iht Ai/^btc iimouni of l;ibi>r uiucommuiing obftrrvrtf in tumt 
vrTJioni t»f ihc RDAAP rncwlrl wiM \k iUM:Kt%%ni in icvrrnl |ji;ii:r.« in ihit report. 

''Hxccpi iot onr vrr.%iufi oi iht mrjdcl (Toul MmicH which wHI br diKumifd 
la let in this re|j<jrt 
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measures ihe increases from ihotc levels to ihe levels in the target 
year, 1970. All targets and regional resource availabilities are 
similarly defined in terms of incrcaS»; that is. the target year 
levels frfinus the base year levf Is. The base year projluction is 
called the *'old sector the inaeases called the '*new sector." 

,\s a simplifying assumption, no production levels (except for 
agfioMture, as explained earlier) are assumed to decline over the 
pTancmig period; they either increa^ or remain at base year 
levels. Similarly, resource availabilities (e.g.. labor force by skill 
level) arc assumed only td increase. 

The model covers 10 years, but considers explicitly only the 10th 
or final year. All capital investment required for expansion, both 
public and private, is assumed to be constructed and installed 
over thofte 10 years^ with 15 percent of that total invested in the 
final year. No specific consideration is^ven to the yesirly pattern 
of growth except for (1) the amount orcapital invested in the 
terminal year, and (2) the targets to be met by that last year such 
as consumptioi^(i.e., implied per capita penonal income) and 
government spending.** The technology and labor productivity 
assumed for these production increases arc embpdied in the 
input-output coefficients of the production activities. 

An exception to the assumption of unchanged production and 
the labor usage in the old sector of the incremental forms of 
RDAAP are: (1) regressive agriculture which it converted to a 
progressive farm configuration, presenting the possibility of 
reduced production of particular crops; and (2) assumed technical 
change in the old sector, made possible by investing the exact 
amount of capital in the old sector needed to raise that sector's 
labor force productivity by the same percentage as the targeted 
increase in per capita income for 1970^'* This second prck:ess 
results in a ^'release** of labor from the old sector to the new 
enabling the remaining workers in the old sector to produce the 
same total product as in I960. That is. the old sector absorbs 



'^Thctr are iHe fixed l^rfea Ci,e,. using equaliiy continiinii) of the nuideh bui 
ihey are not the objective function^ Iri one RDAAP modei veriton (Adjusted 
Planning Model), these targeu are not fixed, but vary depending upon the levels 
ol income earned and taxes collected 

'*it ii asiumed that, all things being equals \m real per capita income to rise in 
the old lector, labor productivity in that sector must be ina^sed by the lame per- 
centage as the increase in real per capiu income. 
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capital from the new sector, inaeases its productivity, and 
releases some labor to be absorbed by the new sector. This 
property of the model is discussed in detail in a later section. 

l^uic Model 

The six versions of the RDAAP model are similar except for 
changes in crucial assumptions with respect to labor force, taxes, 
consumption, etc. Of these variations^ only tw^ versions are 
explored here in detail. The first, the Basic Model, ascertains 
whether the model's endogenous variables (industry employment 
levels, labor usage by skill^evel, etc.) can predict actual regional 
growth results and it provides insights into the planning 
function. 

The income target of the Basic Model is the actual increase in per 
capita personal income over the sixties for the BMW region. 
Labor availability is equal to the growth over the decade in 
employed labor force, by skill levels* existing in 1970.^* Other 
exogenous (not determyied by the model) parameters are taken to 
be those that existcdm 1970.*' Thus, rather^than calculating ( 
estimates for the exogenous variables in 1970, based only on 
information known in I960, actual 1970 data are used to give the 
jnodel the best possible chance to predict accurately the 
endogenous variables. Thus, the question can be addressed; Even 
if the planner had near '^perfect" projection techniques for 
exogenous data such as population, growth in labor force by skill 
levels, increase in per dipiia incgme, and so on, would the 
inodel's endogenous variables predict accurately which BMW 
region industries grew over the decade? 



^Thc Ubur supply alto includet ' rcleatcd" Ukior rrtuliing (rum boih i\\\r%\^ 
mcni and lechnolc^gical advance (i.e., due lu tabor produciivity increate*) over ihc 
1960-70 decade for the IWO Ubor force of the BMW region economy, including the 
agnculiurat lecior. The imall level of labor incommuiiing in ihe model adds lo the 
bboT supply as well. 

*^rhc manufacturing uxior production "corf" of ihf model matrix, however 
uses 1958 dau 1 1963 data for the service tector) at a detailed level from the ''work 
sheets'' used to construct the national input-output matrix of the U.S. Dept. of 
Commerce^ lliesc data ore 'Vurali/ed'^ in that industries at the seven -ciigit IcveL 
and believed to be predominantly rural « are used to consiruci the industry 
a<:tivities. Thus, the irulustries in tlie RDAAP model, at approximately the four* 
digii 5tC le\el, ar assembled from base data of a more disaggregated form^ 
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Adjusted Planning Model 

* 

The lecond version of ihc ItbA^P model receiving emphasis in 
ihis leport is ihe Adjusied Planning Model, h is similar to ihe 
Basic Model excepi for ceruin midal assumptions. In^ihis 
version. I used the Stanford Research Institute (SRI) methodology 
to estimate labor skill supplies, rather than use the actu^i 
(increase in) regional labor skill supplies for 1970 as in the Basic 
Model. ^» The SRI technique uses Slate ifeor force participation 
ratios <urgeu) to determine the increase in the regional .labor 
force available, and uses Slate high school graduation rates 
(targets) (o determine the labor skill breakdown of that ldt)or 
force increase. 

Mo«t of the other exogenous data, however, arc the same as for 
die Basic Model. These latter data are therefore somewhat differ- 
ent than if they had been based on projections using base year 
information only. This simplification should not hinder the 
study of this version's capabilities. 

Several other improvemenu are included in the Adjusted 
Planning Model. For example, in the Basic Model results, govern- 
ment spending (Federal. Sute. and local) far exceeds total taxes 
(Federal. Slate, and local) collected. While small deficits may be 
reasonable for a growing area» the large deficits observed seem 
excessive. For simplicity, a balanced budget was required in the 
Adjusted Planning ModeL>» Ck)vernment spending is limited to 
laxes collected. ^ ( ^ ^ 

Ck>nsumption expenditures in the Adjusted Planning Model were 
set equal to the total wage bill (minus personal taxes and savings) 
earned by the region. Rather than targeting the personal per 
capita income for the region, and tying consumption to that 
urget. consumption growth is limited to a percentage of the 
aggregate wage bill actually earned. In the Basic ModeU con- 
sumption is targeted irrespective of whether the region earns 
enough in wages to support that consumption without being 
subsidized (implicitly) from outside the planning area. A similar 



^•Thr. bbot lupply ih« Baikand Aiijut^ PlanninR Madeii. howevn^ alio include 
Ihc *'rrlrai«l*' worinrri iunt\ ihe old uxiot, a conccpi noi in ihe SRI IcirniulaiicMi. ?i«e 
fp&inoie I5« \ 

••Note, however, ihai one could vary ihe deficii (m turpi ut) in ihe itwidcl io 
vvRatever level teemed accepiabtr. 
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income target assumption leads to the level of the government 
expenditure target ip the Basic Model. 



Labor transfer activities added to the Adjusted Planning Model 
permit some "conversion" (assumed costless) of laborfrogi one of the 
four skill categories into another. The levels of conversion {permitted 
are small compared with the total supply of labor by skill level, and 
are limited to those levels and those conversions that might be 
assumed possible without retraining programs. These transfers can 
be assumed as virtually costless in terms of the regional resources that 
might have been required, such as educational facilities, teaching 
•^personnel, etc. For example, rather than assuming all, and only, 
female high school graduates to constitute the clerical labor force (as 
in SKVs methodology), the Adjusted Planning Model assumes thata 
percentage of these graduates can become managers. This percentage 
is determined by dividing the number of^female managers in 
ArJ^ansas in 1960 by the number of nonenrolled (not currently in 
college, etCj) female high school graduates in the State in 1960. 
This pofuon of the regional female labor force is included in the 
clerical labor supply, but can be transferred to the managerial 
labor supply at zero cost. 

These transfer activities partially help reduce the unrealistic 
rigidity of labor skills in the model. This increases the number of 
possible labor supply combinations by skill level. The assump- 
tion of fixed supplies of non reproducible and nontransferable 
resources is associated with most linear programming models. 

Selected Model Assumptions 

In this section, some observations and explanations will be made 
on selected aspects of the RDAAP model that pertain to almost 
all model versions. Only the most crucial features which differ 
from the most recent SRI model formulation (which forms the 
core of the RDAAP model) will be mentiorted here. Discussion of 
these changes will help the reader to understand some of the 
assumptions underlying the entire analysis. 

Increase in Labor Producdvity: Old Sector „^ 

The RDAAP model includes a mechanism that increases the 
labor productivity of the base year (1960) labor force. This topic 
w^as briefly discussed in the last section. Except for the Total 



20 




ERIC 



Model version, ihe RDAAP model in concerned only wilh targei- 
vear (1970) imrfments above ihe base-year (I960) levels. 

In buih ihe SRI and RD.\.\P formulaiions, ihe income largei 
applies lo all residenis of ihe mullicouniy siudy area, noi jusi lo 
ihe increase of populaiion and labor force beiween ihe base and 
largei years. However, if one limils ihe model's labor supply lo 
only ihe increase in labor force belw^een ihe base and largei years, 
ihe model becomes flawed . Then, ihe increase in ihe labor force' 
would produce income noi only for ihemselves and.iheir families, 
bui also lo saiisfy ihe largeied income increase for ihe remaining 
(base year) populaiion in order lo bring ihe laiier incomes up lo 
ihe overall per capita income largei. Such a requirement is 
unreasonable. The labor force of ihe old sector should earn and 
produce its own increase in income by means of increased labor 
productivity. Accordingly, some information from the old sector 
must be included in the incremental model. 

To accomplish this, the old sector absorbs capital from the pew 
sector in order lo raise it* productivity, andntien "releases" appor- 
tion of its labor force lo the new sector.^*' The size of the required 
lump-sum investment should be sufficient to increase the produc- 
tivity of those Workers who remain in the old sector after this 
portion is 'released. * such that: (I) the remaining old sector 
workers produce exactly the same level of gross output as was 
produced by all workers in I960; and (2) their increase in labor 
productivity equals the largeied increase in per capita personal 
income. (Note that the productivity and technology level of the 
new sector — which includes only production increases — is detpr- 
mifrc^TEy ihe fixed coefficients of the RDAAP model input-output 
matrix.) 

To calculate the required siie of the investment needed for the old* 
sector, I used a Cobb-Douglas production function, which 
includes a factor representing a "natural" increase in productivity 
due to technological advance, increased labor force education, and 
so on. 21 To keep all production increases only in the new sector. 



'^'A much more complicatni, and prrhaps more accurate, solution could have 
been devised bv disaggregatnig manv or all of the sectors aij|l industries in the 
base vear region, but such a strategy was not developed in order to limit the scope 
of ih^ work required. 

Cobb* Douglas production function involves capital. labor, and technical 
change 



ihc model "releases" a percentage of ihe old secior (original labor 
force) workers lo ihe new secior, ihus augmenting the labor 
supply." This percentage in the RDA.\P model (all model ver- 
sions other than the Adjusted Planning Model) is 1.0 - (1.0 1.553) 
= .356 = 35.6 percent, since the targeted increase in per capita 
income is 55.3 p>ercent over the planning decade. 

Then^Hince all variables in the Cobb- Douglas function are 
assumed to be known except for the required increase in the 
capital stock of the old sector, the equation is solved for this 
increase. .\n old sector investment "industry" is then created, and 
ncluded in the model to represent the lump-sum investment 
equired. The lesson for the planner is that even in an incrcr 
ental model, the old sector cannot be totally ignored. 

overament and Consumption Sectors 

Government iiKd ivided into two sectors; government purchases, 
the larger sector; and government enterprises. The latter is in- 
cluded as a private industry in the model matrix. The fonner 
embodies not only local, but also State and Federal purchases. 

Based on the target for per capita personal income, a government 
expenditures target (for all but the Adjusted Planning Model) is 
created. As a simplifying assumption, a national average govern- 
ment spending pattern for combined local. State, and Federal pro- 
curement is assumed for the BMW region. The size of these 
purchases is determined by the combined local, Federal, and State 
tax increase estimated to be commensurate with the size of the 
targeted increase in per capita personal income. It is assumed that 
the total increase in government spending for the area will 
exactly equal this estimated tax increase. For all governmental 
purchases of goods and services producible in the region (i.e.. the 
model industries), such goods will be produced locally only if the 
mode( solutioti deems it optimal. 

The flaw in the above government (and tax) target is that there is 
no internal model mechanism to ascertain whether such a target 



"RDA^\P model production (i.e.. new sector) represents ail» and only, the 
increases in regional production. That is. except for the agricultural sector, no 
decreases in production for the BMW' region, below 1960 base-year levels, are 
assumed. 
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IS reasonable or auainahle. Thai is, does the model generate endo- 
genouslv ihe increase in taxes exogcnously targeted? Accordingly, 
a "taxes" row is added to the RDAAP model. In the Basic Model 
version, this row represents only a 'feasibility check" on the level 
of government purchases. It does not actually constrain the level 
ot government spending to the model's "internally" earned level 
of taxes, but merely "lists" the resulting deficit (or surplus) of 
internally earned taxes in the model. 

The Adjusted Planning Model, however, prescribes a balanced 
budget: the level of total government spending is constrained to 
equal the total level of taxes accrued. In all versions other than 
the Adjusted Planning Model, any failure of the exogenously 
determined tax increase (based on the targeted increase of per 
capita income) to equal the actual endogenous tax increase, will 
be, at least partially, a result of the model's failure to reach the 
targeted per capita personal income increase." 

The per capita personal income target may not be reached, but 
the consumption inaease target (based on this income target) is 
always achieved in the Basic Model. TVit? model "meets" that por- 
tion of consumption above its endogenously earned income with 
(implicit) subsidies from the rest of the country. The government 
deficit is similarly subsidized from outside ehe BMW region. 

A feasibility check is introduced for the level of targeted con- 
sumption spending in the Basic Model; it is similar to the check 
on government deficits. This becomes an indirect check on the 
targeted increase in per capita personal income in the Basic 
Model. In the Adjusted Planning Model, consumption is limited 
to the exact level of the model's internally earned wage bill and 
other income, that is, consumption is limited to ihe increase in 
per capita income actually achieved by the model. 

In versions of the RDAAP model (variations from the Basic 
Model) in which income and consequently government and con- 
sumption spending targets are raised successively, the results 
show that these targets are not met by increased production but 



"The model's iiuemally dcier mined ratio of ihe endogenous lax increase lo ihe 
endogenous increase in per capiu income could also vary from ihc projeciions 
and. ihus. be a furiher coniribuiing facior lo ihe difference bciwcen exogenously 
esiimaied and endogenously accrued laxes. 

»<More precisely, consumpiion represenis a fixed 'average propcnsiiy lo con- 
sume" percentage of ihese wages and oiher income. 
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by increased subsidies." Thus, the setting of income targets with- 
out some knowledge of the region's productive capacity — thai is/ 
without some **prior run** estimate of the model solution— may 
result in infeasible income and tax targets. 

Other Regional Income 

The RDAAP model includes an activity estimating the net level 
of ''other income** in the BMW region. The SRI model earns 
only that portion of personal income consisting of wages and 
salaries, and^implicitly includes proprietor income. In RDAAP, 
however, income includes, in addition, payments from interest- 
and dividend-bearing assets and Social Security transfers (minus 
Social Security taxes) which together can be considered as net 
nonwage income. Such additional income, when added to wages 
and salaries, increases the total incoipe and consumption levels. 



Planning Insights: General Observations From 
RDAAP Results 

This section and the following summarize some of the important 
RDAAP model results. Both mtions address this question: What 
has the model yielded that might prove useful to rural multi- 
county area economic planners and officials? This section is less 
detailed and describes the more general RDAAP model results 
common to most model versions. The following section depicts 
results more dependent upon specific (alternative) versions of the 
model and emphasizes more the detail and specific numerical 
results. Readers who wish a more thorough understanding of the 
RDAAP model will probably want to read both sections. Those 
who desire a less thorough> although sufficient understanding of 
the main results of the RDAAP model, can omit the se^nd 
section. \ 

\ 

When implementing any of the six versions of the RDAAP 
model, what common planning insights arise, and of these, 
which seem most crucial for area planners? That is the question 
addressed in this section. 



<^The Axljusied Planning Model does not induile urgeu for income and taxes 
and considers only thote income and tax levels actually earned internally (i.e.. 
actually atuinable) by the model. 



Objectives 

The choice of regional objective greaily affects the optimal solu- 
lion lo the model. The nine area economic objectives used m 
RD.\AP were listed earlier in this report. Six of the objectives 
(balance of payments, balance of trade, gross regional product, 
wage bill value added, and employment) ^re used in all six ver- 
sions of RDAAP, including both the Basic and Adjusted Planning 
Models; three objectives (profits, rate-of-retum index. an<i gross 
regional product with labor immigration assumed) are used only 
in the Adjusted Planning Model. 

Perhaps the simplest objective considered is the maximization of 
regional balanceof-trade surplus. This surplus is defined here to 
include net wage income of ouicommuters above incommuters. 
This objective is similar to minimizing a foreign exchange deficit, 
an imporunt consideration and one often used in national eco- 
nomic models in which foreign ex'ishangc is considered the most 
scarce production resource. However/Unless foreign exchange really 
is the scarcest factor, such a strategy can be considered a mer* 
cantilist notion of development." Therefore, it is probably, in 
general, too narrow an approach to the development question, 
especially for a region within a country. The historical coi^rse of 
development usually shows that nations, and regions within a 
country, are debtors in their early and middle stages of growth. 
Thus, an objective whose concern is to minimize this debt can be 
considered inferior to the ultimate goals of the region. 



The original SRI model, the Kentucky Model, considered only 
one regional objective— minimization of a "foreign exchange" 
deficit. Spiegelman [7] believes this to be the preferred objective, 
given proper specifications for exports and imports (constant 
prices and fixed export limits), and for wages and interest rates. 
He feels this objective will lead to a solution approximating the 
perfectly competitive situation. Nonetheless, planners should con- 
sider a whole range of possible objectives (economic, environ* 
mental, political, health, etc.) for their regions, not just the per- 
fectly competitive one. Only regional macroeconomic objectives, 
however, are explored here. 

4' 

nMercaniiliim icndi lo emphatixe an arca i accumuUiion of gold and silver 
bullion reservci and lavorabic trade balance for its own sake, rather than for tome 
uhimaie purpo«r. luch at improving the welUie of the country i ciuieru. 
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Objective Function Values. Thv values of the objeciive functions 
will be compared both when a function is used as the objeciive, 
and when it is us;^ as a constraint for another objective. How- 
ever, the right-hand-side constraints for these rows are chosen so 
that they cannot be binding. They serve instead as accounting 
rows. There are two exceptions to this: First, the balance-of- 
payments surplus i^constrained to be lionnegative for all 
regional objectives *xcept for the Adjusted Planning Model); 
second, in the tradeoff analysis between objectives *to be discussed 
bter in this report, one objective is optimized while the other is 
varied parametrically. This section will present a more general 
interpretation of the results. Selected details wilLbe presented in 
later sections when discussing the various versions of RD-\.\P 
(especially the Basic ModelK 

Most of the aggregate and detailed solution result^ from the ^ 
application of the RDAAP model to the BMW region tend to fall 
into two groups with respect to six of the objective functions. 
Among the six objective functions of the Basic Model, maxi- 
mizing balance-of-trade surplus, balance-of-payments surplus, 
and gross regional product are objectives that lean more toward 
the interests of capital or management." Conversely, maximizing 
the local value added, the local aggregate wage bill, and local 
employment arc ob'jectives more preferred by labor. Although this 
division of the six objectives into capital or labor orientation can 
be understood almost intuitively from the definitions of the objec- 
tives, it is confirmed also from the model output. In general, the 
capital-oriented objectives yield both higher aggregate regional 
profits and industry-wide profit rates-of-rcturn on capital Invest- 
ment, and lower aggregate local wage bills than the labor-onented 
objectives. 

The values of the objective functions can be considered for our 
purposes as regional inacroeconomic variables. For example, total 
local employment for the region would be labeled as an aggregate 
ot maaoeconomic variable; total employment in a specific four- 
digit SIC manufacturing industry^ in the region, a disaggregated 
or microeconomic variable. There is more variability among the 
results for all six objectives for the regional microeconomic 



»n*hc tiUKimization of regional profits, prof 1 1 rate-of leturit index, and graw 
regional product Ciinntigrani veriion) of the Adjusted Planning Model would aluj 
be induded among thi% capital -oriented group, but the results for these three 
objectives are not discussed here. 




variables— such as. for example, the lype of manufaciuring 
industn sclecied— ihan for ihe regional macroeconomic variables. 
This increased variabniiy lends panially lo obscure ihe differences 
(wiih respcci lo microeconomic resulis) beiwecn the capital- and 
iabor-orienicd groups of objectives. The division is less distinct 
than for the aggregated variables. Similarly* there is more vari- 
ability in microeconomic than macroeconomic variables within 
each of the two groups of objectives. 

Thus, similar levels of aggregate regional variables can mean 
quite different choices of industry, and different relative conse- 
quences for special interest groups that may align themselves 
with certain types of industries. The preferred solution, or that 
mix of ihdustries and use of local resources (including labor) thai 
is best for the region, depends upon the planner's (that is, politi- 
cal community's) criteria for "best." Or, more generally, it 
depends w a political resolution of internal conflict as, for 
example, in the airport location problem noted earlier. 

Employment Subtotals. While levels of employment among indi- 
vidual industries vary quite widely among all sjx objectives, 
employment totals for aggregated subgroups of those industries 
vary much less. These employment subtotals fit into the same 
two-group pattern as above: capital and labor orientation. Since 
ihe Basic Model yields employment outcomes fairly representative 
of all RDAAP model versions, they are described here. 

The employment subtotal for manufacturing is only slightly 
higher for the labor-oriented objectives than for the capital- 
oriented ones. For individual manufacturing industries, the varia- 
tion between (and within) the two groups is more pronounced. In 
addition to the more general interpretation of the grouping of 
these results— their capital and labor orientation— there is another 
possible explanation. The first three regional objectives all tend 
to minimize the use of '^foreign exchange,^* while the latter three 
do not (except to insure that the regional balance-of-payments 
surplus docs not fall below zero). For both of these reasons, 
results would be expected to differ between the two groups. 

A comparison among objectives of efnployment levels in govern- 
ment and service industries is not especially meaningfiil because 
of the simplifying assumptions used in the niodel. Variations in 
the output and employment levels of the individual service 



ERIC 



34 



27 



industries occur only because of shifu in regional demand, and 
are noi due (bi^riaiions in exiemal demand since no services are 
exponed. This assumption for services is reasonable for a small 
metropolitan area. 

In all model versions but the Adjusted Planning Model, ihe level 
of government employment and the level of government activity 
are set at fixed targets. The employment target is based on the* 
actual increase in government employment in the BMWM|[egion 
during 1960-70; the government activity level is derived fio^the 
target for increased taxes. This lax increase depends on the \ 
required increase in personal income per capita. \ 

Optimal employment levels in the agricultural sector v-ary ^onjj: 
the alternative objectives; different types of farrm.afe-^clectcd in 
the various solutions. For the capitaln^riented objectives, only 
general farms come intq the solution, while for the labor-oriented 
objectives, both general and poultry farms are chosen. For two of 
these labor objectives— maximizing the local wage bill and the 
local employment— employment in poultry farms becomes 
substantially larger than in general farms, a situation resembling 
that of the actual BMW region. 

ConfltctA Between Objectives. With the RDAAP model, the 
planner can asceruin the best set of industries corresponding to a 
particular economic objective. These alternative objectives, how- 
ever, can be conflicting in that a gain in one may result in a loss 
in another. Only pairs of objectives are studied here. The results 
show tradeoffs to be more prevalent betweeen a capital-oriented 
and a labor-oriented objective than between any two objectives in 
either group. The RDAAP nrodel can quantify the range and 
extent of tradeoffs between any piair of objectives. 

The tradeoff concept may be better understood by recalling the 
production possibilities analysis of economic theory- (''guns versus 
butter*') as shown in figure 2. Curve a represents an economy at a 
given technological and resource level (including labor) with all 
resources fully employed. For such an economy ttrproduce more 
butter (nonmilitary), a reduction in gun (military) production is > 
required; and conversely, more gun production is possible only 
with less butter production. To produce more of both commodi- 
ties requires an increase in labor and other resources, technologi- 
cal advance, a freer flow of labor and goods among regions, or 
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any combinaiion of ihcse. Suth an expansion in ihc economy is 
represcnicd by a shifi Irckp curve a to curve fc. 

Using the RDAAP model, I compuicd an example df uadeoff 
analysis for ihe BMW region (figure 3). Iwcurve a, ih^ regional 
balance-of- trade surplus worsens with increasing levels of local 
employment. Because of the definition of the trade surplus in this 

• <,> 
Flflur* 2 

Production Potslbllltlts Frontier for an Economy 
(HypothotlcaO ' ^ 

4 
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Regional B«lance*ofTrade Surplus aa Objective Function, 
Local Employment as Constraint Row,^ BMW raoion. 1966-70 
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^ With fgiorm bal»nc»>of paymnf tufplm conitfal ntd to ztro or abov«. 

Movement from a to ]2 to fi shows successive increases In 
both export and labor Incommutlna constraints, representing 
an increasingly open economy with respect to commodities 
and labor. 
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model--nci commuiing wages arc included— ihis reduction repre- 
sents the loss of (net) commuting wage surplus in addition to a 
^yriiii-nqn of exports minus imports. The movement from <^urve a 
to b io c represents successive increases in the commodity export 
and labor incommuting limits. That export markets can absorb 
large increases (at fixed export prices) is assumed possible in the 
model." If the plarfhing area is quite small in relation to us 
export markeu— and this is jihe case for most small, riltal multi- 
county areas— this assumption seems warranted. The more 
general question of a planning area s ability to attract any export 
industry to locate in the area is briefly explored in the next 
subsection. 

The expansion in export markets and labor availability can be|i 
interpreted as representing a more ^n status for the region wilh^ 
respect to the rest of the country. That is, it simulates a freer jradc 
in commodities and movement of labor. As a result, greater 
industry specialization and increased regional production can 
0}:cur. A shift from curve a to 6 tor results in grater cuWature 
(less linearity) in the tradeoff (fig. S). That is. in more open ^ 
regions, i^e expected diminishing rates of marginal substitution 
between the two goals become even mo^ pronounced. For a 
region moving closer to an endpoini on the curve, to raise local 
employment requires the loss of increasingly larger units pf the 
balance-of-trade surplus. Also, as the region becomes more open, 
ihe range of uradeoffs is much larger. 

The lesson to be learned is that for more open regions, the oppor- 
tunity cost of optimizing a single regiopal objective can be 
relatively large Planners may rather seek a solution near the 
middle of such curves where opportunity costs are smaller and 
where a compromise between competing interests is likely to be 
reached. For more closed regions (e.g.. curve a), the opportunity 
cost is fairly constant (that is, the tradeoff curve is more linear) 
and the range of tradeoffs is more nanow. so that the problem in 
using an unconstrained single objective it relatively less than for 
an open region. 



wEepoti mktt are not compleiely rigid in the RDAAP model, lince a iwi>»iep 
detnandfunciion ii •iiiimed: ihe outer expori area hai lower realued mpon pncei 
than the inner. Adding more »iept would iimulaie a mow accurace repreacntaiion 
ol reality. However, including export demand ai a coniinuoui tuncuon (even il 
linear), would lead lo a quadratic, not iWar. programming tormulatton. 
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Figures 2 and S represent the tradeoffs involved when considering 
only two objectives. When more than two objectives are impor- 
tant, tradeoff cur\cs should be consuucied in more than two 
dimensions. Such a technique could represent the full range of 
tradeoffs for all regional macroeconomic gdals which are con- 
sidered important. Also, although not shown here, the variety of 
industry, and differing resource and labor requirements (by skill 
level) represented by each point on a tradeoff curve, could be 
presented. Moving from point to point on the same curve could 
reveal changes in the mix of such microeconomic variables. As a 
hypothetical example, such movement might reveal the reduction 
in employment of unskilled labor and an increase in employment 
of managerial labor. This redaction in unskilled labor could be 
considered the cost of increasing the employment level of . 
managerial labor. 

Other tradeoffs between regional objectives were studied, but no 
discussion of them will be made here, except to note that the 
largest-sized tradeoffs teftd to be between the ttade surplus and 
gross regional product objectives on one hand, and the employ- 
ment, v-alue added, and wage bill criteria on the other, Conversely, 
the tradeoff range between any two objectives within either group 
is quite limited. These results, too, can be interpreted in terms of 
the capital and labor orientation discussed (Earlier If the former 
objectives represent more the interests of capital or management, 
and the latter the interests of labor, the large tradeoff ranges be- 
tween them tend to highlight the longstanding conflict between 
the two groups. The tradeoff concepts presented in this subsection ^ 
are explored in more detail in (/5, 16, 17]. 

Attracting Induatries to t^e Planning Area, Depending upon 
which of the alternative objective functions is chosen, the optimal 
composition of industries will vary, A detailed examination of 
how a regional planner or Chamber of Commerce could "induce 
groups of industries to locate in the area in order to meet the 
chosen objective is beyond the scope of this bulletin. 

I he RD,AAP model has been augmented, however, by the addi- 
tion of a regional objective that maximizes total regional private 
profits. This objecfPle can lead to a grbup of industries 4hat is 
relatively more attractive from an outsjdf (or local) investor's 
point^of view, than groups of industries corresponding to other 
regional objectives. That is, it is assumed that the solution 
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resulting (roiiTihc prolii maximiiaiion objcciivc yields industries 
more profitable as a group and, thus, relatively more attriirctivc to 
investors. 

Similarly, the objective function of maximizing the industry-wide 
profit ratc-of-rcturn index yields aQ industry solution which 
might also be relatively attrHttive to potential arra investor^ This 
second objective, however; has hot proved as potentially useful as 
the first. ^ . ? . 

When thfsc two objectives are not used as objective (unctions, 
and "are included as nonbtnding coniiniints, their row valuei^ help 
determin^ the relative attractiveness of industry groups to inves- 
tors. The result of these comparisons las that the capital -oriented 
objectives result in regional industry mmc^ that are more 
profitable as a group thah the industry mixes associated with the 
labor-oriented objectives. Fotiexamplr. in theJkfStt Model, 
regional profits range from a-high of $29 million for the gross 
regional product objfective to a^lfw of about $25 million for the 
local wage bill objective, Planners must be aware that it may be 
relatively easy to attract industries to meet an objective when ex^ 
pected profits are high, but that the industries required to meet 
another objective for which expected profits are lower mi|^hi not 
be as interested, as a group, in locating in the area. 

A third investors' calculation was made as well, yielding a 
regional industry wide profit rate of return on investment (total 
regional terminal-year profits divided by total regional capital 
invested over 10 years)." For the Basic Model, the rate of return 
ranged from a high of 15,2 percent for the trade surplus objective 
to a low of 12 J percent for the local wage bill objective. The per- 
centages for the capital objective^ were consistently above those 
for the labor objectives. All things being equal, one would expect 
higher such ratios to be preferred by investors over lower. 

^ How can this third investors' calculation be further interpreted? 
According to Spiegelman, minimizing the regional "foreign^ 
exchange'- deficit should yield results most closely related to those 
of perfect competition (7, p 144). Therefore, the results for the 
regional industry-wide profit rate of return on investment seem 



»^Ilie rrgiotuil prt^it niie c>< rriurn on oipiial mvrtimeni h noi calcuiaicd ai a 
mudel r«w, bui raihn frtrni the hrtulu iKe cjptimal laluuon lo ihe moiiei and, 
lhui» taniiui be u»cd at an ubjfcuie fum:iian. 



reasonable. That Is, the industry-wide rale of return is highest for ^ 
the maximization of the regional balance-of-trade surplus, which 
is a similar obj^^ve to that of minimizing the use of foreign 
exchange. 

In competitive equilibrium, the average value product of each 
factor of production is higher than it would be under any other 
alternative economic system. Similarly, one would expect each 
average value product in the linear programming competitive 
solution to exceed that obtained from any other linear program- 
ming solution. Factor remuneration (for example, **wage" for 
laboir. and. "profit" for capital) equals both marginal and average 
value product in such equilibrium. If capital (i.e., 10-year invest- 
ment total) is considered a factor of production, and profit (i.e., 
ICJlh-year total regional profits) its factor payment, the ratio of 
the latter to the former—the industry^-wide profit rate of return on 
investment— should be largest for thi^ competitive sol{ition of the 
regional model. (The topic of attracting industries to the planning 
area is further explored in [22], although a different version of 
RDAAP—Adjusted Planning Model was used, in whic^ the^ 
^'competitive solution" interpretation cannot be made.) 

In shoi:t, it seems re^sonable^^for investors to be attracted to 
industry groups that yield higher regional profits, given an 
\adcquate industry-wide profit rate of return on investment. If 
mture decSdes beyond the planning decad^ of the model are con- 
sidered, it may make sense to focus pn regional profits totals 
rather than on industry-wide rates 6f return only. For example, a 
larger area profit (or rate-of-return index) level, even with perhaps 
a lower profit rate of return for the area, may portray a more 
accurate picture of investor preference. The mix of industries cor- 
responding to sUch a solution may be easier to attract to the area, 
reducing the financial burden of regional tax incentives, 
infrastructure development, and so on (supply side of growth) 
needed to induce these industries to locate in the planning area. 

But this is as far as this analysis can go )^use of the absence of 
a true interregional mechaqism in the model. The RDAAP model 
is intraregional, not interregional, and simultaneous determina- 
tion of optimal industry groups among all regions is not possible 
with this model. Hence, no conclusions can be made from the 
model with respect to comparisons of these three profit criteria 
^mong regions. 
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A rclaicd'qucsiion of whether regional economic growth comes at 
the expense of other regions^ is also ignored in this analysis. This 
seems reasonable because the planning region is assumed to be 
very small compared with the Nation as a whole. 

Industry Economic Chancteristics 

For RDAAP or other similar models, the solution results for 
industry or exports may prove insufficient for th^ regipnal 
planner. Consider the manufacturing sector in th^^RDAAP 
-model, which contains only 56 individual export industries from 
which the model is to choose. Most of these industries are at 
approximately the four-digit SIC level, only 56 of the total of 
about 450 four-digit SIC manufacturing industries are included in 
the model. 

An optimal solution, given a particular objective functioii, tells 
planners which industries are best. But how can planners state 
ijiat a particular industry (or group of industries) is best if they 
consider only about 12 percent of the possibilities? Yet expanding 
the model to include most of the jx)ssibilities Vipuld be prohibi- 
tively costly, lime consuming, and unwieldy. 

At least 50 percent of the inanufacturing industries diat actually 
increis^ employment in the BMW region during the 1960-70 
decade were not included among the 56 RDAAP model (SIC) ex- 
port industries. If one views industries only by their SIC number, 
or product type, such a result might limit the value of the model 
for area economic planning. 

^ 1 Regional plan ners , however, may view the_prQblcm in.a different 
light. They are more interested in the economic characteristics of 
the export industry selected by the model's optimal solution than 
the specific SIC number. They prefer information on whether the 
industry is light or heavy, capital or labor intensive, clean or 
dirty, high or low wage, and so on before they (representing their 
political jurisdiction) select 4- ^or example, a chicken-plucking 
plant, proposed by industry executives, was rejected by a commu- 
nity in Oklahoma b^use it had an undesirable characteristic— 
an unpleasant odor.^® This*Salso reveals another consideration— 



*»Such a characteristic (cnvironmcnul) is not available in the RDAAP model as 
it presently exists, nor is it among the industry characteristics studied here, but a 
separate research study could add such a consideration to the model. 
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specific industrial plants, not a representation of an aggregated 
four-digit SIC code classification, locate in an area. The four- 
digit SIC classification (defined by product type) is broad with 
respect to product mix, plant and firm type, input-output coeffi- 
cients, and other industry economic characteristics. Planners can- 
not know whether a plant is ''representative'* of a selected 
(optimal) four-digit SIC category (with respect to the ''average" 
value pf thl^coefficients or economic characteristics of that SIC 
over all planu or firms comprising the SIC category). This prob- 
lem is a manifestajfipn of the industry aggregation problem, 
common in all economic modeling. 

Thus, indusuries should be considered not only by the type of 
product they produce, but also by their indusurial economic 
characteristics such as capital/output ratio, capital/labor ratio, 
profit fate of return, value added/labor ratio, and so on. Rather 
than asking the linear program to select only which products 
should be manufactured, it is sometimes more fruitful to ask 
what industry characteristics conuribute most to achieve the 
program objective. ^ 

Multiple Regression* Planning insights into critical economic 
characteristics can be obtained by use of multiple regression 
analysis on the manufacturing export industry valuations (that is, 
the "shadow prices" and "reduced costs" in linear programming 
terminology).'* This topic has been described in detail in [74, 19\ 

The results for eight of the nine dbjective functions of the 
Adjusted Planning Model— excluding gross regional product (im- 
migrant version)— are presented here. The meJiod used is as 
follows: for a maximization objective such as for gross regional 
product, the export commodity shadow price measures, all other 
things being equal, the increase in value to the region (in terms 
of the objective function) of an cxU^ unit (|1 million) of that 
export. "Negative" shadow prices, labeled reduced costs (i.e., 
those industries yielding decreased values to the region), pertain 
to tho^ export indusuries not included in an optimal solution; 
that is, industries not among the set of optimal industries. The 



"Multiple regression analysis is a statistictl technique that estimates the effects 
of a number of causal or correlative factors (independent variables) on the value 
of another (dependent) variable. 
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positive and negative shadow price measures the contribution of a 
small change in the level of an activity to the region's objective." 

Nine industry characteristics are diosen to explain the size and 
sign of the generalized shadow prices.** These characteristics are 
regressed against the generalized prices. The resulting regression 
coefficients relate industry characteristics to regional objectives. 
They may indicate, for example, that to incr^sc gross regional 
product, plants that exhibit low ratios of capital to output need 
to be attracted. 

This procedure has two advantages. It reduces a larger volume of 
computer printout* down to a few summary formulas,, And it 
translates the results of the analysis from the less useful language 
of industry products to the more useful language of industry 
characteristics. 

Multiple Regration— Resulu. The specific results obtained using 
this statistical method can lead to substantial insights for the 
planner in prescribing optimal etonomic development. These 
specific results include the value of the multiple R» and the levels 
of the partial regression coefficients. 

For all but one of the eight regional objectives (i,e., for all but 
one of the corresponding generalized export shadow prices used 
as dependent variables), the amount of explanation represented by 
the multiple R» value ranges between 0.61 and 0,84.^ There are 
101 observations and nine independent variables,** The multiple 
R» values are significant at the 1 -percent level or better, while the 
results discussed for the partial coefficients are significant at the 
- 25-perceni level or better. Many of these partial coefficient results 
are also significant at the 5- or 10-perceni levels. 

For each of the eight objective functions (regressions), a separate 
''residual plot" was obtained for the 101 cases in the sample. 



"Originally 15 explanatory variables were coniidered, but theie were reduced to 
nine to teduce the pouibility of multicollinearity by eliminating variables 
exhibiting high pairwise correlations. 

"The "positive" and "negative" shadow prices explained above. 

•♦For the total regional profiu objective, multiple R* = 0*4S. 

"The 101 obcervations correspond to the 101 manufacturing export activities 
consisting of 56 four-digit SIC manufacturing industries shipping to an inner 
export ring, at a lower transport cost, and 45 of those same industries shipping 
alto to an outer export ring, at a higher transport cost, 
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Each plot records the (standardized) predicted dependent variable 
on the horizontal axis, versus the (standardized} residuals meas- 
uring actual values minus predicted values on the vertical axis. If 
the regression equation is specified adequately--as, for example, 
in its assumption of linearity— the scatter of plotted points should 
show a fairly symmetrical (similar) pattern in the four quadrants 
around the origin. 

Such a symmetrical pattern obtains for all objectives but the two 
prpfit-type objectives--niaximization of total regional profits and 
regiong^l rate-of-return indcxTFor each of these two regional ob- 
jectives, there is some indication of linearity in the residual plot; 
this pattern is more discernible for the rate-of-return index 
objective than for the regional profits objective. For each of these 
two objectives, the relationship between dependent and independ- 
ent variables may be better modeled as nonlinear, than linear. 
However, because this problem is not overly severe, the linear 
formulation (specification) was retained. Nonetheless, this 
suggests that the regression results for these two objectives may 
not be as accurate as for the other six objectives. 

The results show an overwhelming importance of lower transpor- 
tation costs in improving the desirability of export industries, 
almost irrespective of the regional objective^ chosen. Industrial 
location theor\ in regional analysis has exhibited a historical pre* 
occupation with transportation cost. The results from this study 
support this focus. Using standard deviation units for both 
dependent and independent variables, a decline in transport cost 
leads, in general, to the largest relative increase in generalized 
shadow price. 

Managerial labor, as a percentage of an industry's total employ- 
ment requirements, is the next most important explanatory factor 
in detennining the desirability of an export industry. For all 
eight regional (maximization) objectives*, as the managerial labor 
proportion rises, the value of the objective falls. This^^^juk can 
be explained by the shortage of managerial labor in tlfij^djusted 
Planning Model, the specific version of RDAAP whose ^ression 
results are discussed here. In general, other model versions yielded 
similar results for scarce labor skills. In view of the high oppor- 
tunity costs of managerial labor, one would expect the model to 
choose those industries that use less of this resource. 
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The skilled labor perceniage of an industry's total employment 
shows an effect similar to that for managerial labor, but for only 
two of the eight regional objecUves-gross regional product and 
local value added. Although skilled labor is not as scarce m the 
model as is managerial labor, the same (shortage) type of expla- 
nation still applies. 

The capital/output ratio is generally the third most sigtiificant 
variable. 25-percent significant or better, in all eight regional 
objectives. In all but the two profit-type objective funcuons-total 
regional profits and regional rate-of-retum mdex— mcre^ 
capital intensity leads to lower levels of the regional objecuve. 
This result is consistent with the cottage industry type of develop- 
ment characteristic of more rural or underdeveloped regions. 
Increased regional profitability, however, seems to be linked to 
industries with higher capital/output ratios. 

Another iniporunt finding concerns the value added/output 
ratio For most objectives, a higher industry rauo increases the 
value of the objective. However, the two regional profit-type ai- 
teria reveal an opposite effect. For example, as the value added/ 
output ratio rises, regional profits fall. Since the value added/ 
output ratio is highly pairwise correlated with the wage/output 
ratio (or aggregate wage), value added/output perhaps can be 
considered a surrogate for wage/output. Thus, industries that pay 
out a larger percentage of their output in wages tend to improve 
most of the regional objectives, except for the regional profit-type 
objectives. This represents a dilemma in that the best industries 
for regional profit maxtmiiauon are diametrically opposite of 
those required by most other regional goals. 

The value added labor ratio— perhaps a surrogate for the wage 
labor ratio (or average wage rate)-is also an important variable 
in all eight objective functions. In all regional objecuves but 
one-the rate-of-retum index-indMStries of higher labor produc- 
uvity yield increased values of the regional objective. 

Both of these variables involving value added tell the planner 
that in general, the best industries for an area tend to be those 
that pay higher wages, both in aggregate wage and in average 
wage rate. Thus, the usual 'shirt factory" industry type of em- 
ployment, with its low aggregate wage, and "P«f "V- ^ 
average wage rate, which is often attracted to rural and southern 
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areas of ihc United States, is not the preferred type of develop- 
ment for most regional objectives. 

The industry variable measuring imported inputs per unit of 
output is the final independent variable statistically significant 
uimong many alternative regional objectives. It is significant for 
all but the two profit-type objectives— regional profits and rate of 
return index. The values for all other (non profit-type) objectives 
improve with industries of higher import costs. This suggests 
that an increase in regional specialization is desirable; that is, 
attracting industries with increased ratios of imported inputs. 

This finding for the industry import cost perhaps can be ex- 
plained or interpreted according to the analysis of Hirschman [2]. 
He suggests that the bfst way to achieve increased growth in an 
underdeveloped country (or region) is to pursue a policy of 
attracting industry in which merely the "finishing touches" are 
put on the disassembled imported inputs before they are re- 
exported. This implies a high percentage of imported inputs 
relative to the value of the final export product. 

Other industry economic characteristics exhibit a statistically 
significant effect, but for only one or several regional objectives. 
Therefore, the policy recommendations derived front them are not 
as universal. Accordingly, these examples will not be discussed 
here but see [IS, 19], ^ 

The multiple regression analysis presented here, as well as the 
objective function tradeoff analysis, can both be used to illumi- 
nate the inevitable conflict among alternative regional goals. For 
example, conflict can arise iL^high regional wage bill, full local 
employment, and high regiodpl profits are all desired goals. The 
proper planning prescription then becomes unclear. While the 
choice of industries with low capital output ratio and high value 
added output ratio tends to decrease aggregate regional profita- 
bility for the area's private industries, such a strategy also causes 
the local wage bill and local employment levels to rise. The 
region, therefore, must establish priorities among objectives before 
it can choose effective means to reach its objectives. 

Agriculture 

The optimal solutions for all model versions show that the con- 
version of all agricultural land in the regressive (lower income) 
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sccior to progressive (higher income) farmi is always beneficial, 
Te^tfdless of ihe regional objective. The faci thai all optimal 
solutions yield total conversion of the regressive sector indicates 
that regional rural development should involve not only indus- 
trialization, but also a substantial improvement in the agricul- 
tural lector. The crucial importance of agriculture has recently 
been discovered by such diird-world countries as India, where 
industrialization, which shortchanged the resources applied to 
agriculture, was seen by some as the sure road to progress. 

The RDAAP model uses secondary daia as contained in the 1964 
US. Census of Agriculture rather than using primary data from 
the BMW region in consuructing the agricultural sector." For the 
BMW legion, such secondary data are sufficiendy "area specific" 
to construct farm activities using data from Washington and 
Benton Counties. This methodology using area-specific agricul- 
tural dau makes it much easier to adapt the model to other 
multicountry rural areas in the United States. 

A common result for most RDAAP model versions and regional 
objectives is that only poultry and general farms are included in 
the solution. This result tends to support the model in that 
poultry is A> leading agricultiiral activity in the BMW region. 
Also, only cropland is fully used while the three pasture cate- 
gories remain up to 50 percent idle, indicating the model's high 
valuation (shadow price) on cropland (and crops), relative to pas- 
ture, hay. and pasture feeding animals." For a more detailed pre- 
sentation of the methodology used to consuruct the production 
activities in the agricultural sector of the model, see [H]. * 



♦•An tnirrniing note ti ihaf ihc published dau (national data for farm 
maLhinrry and equipment. Stale dau for farm lervke buildingi) ihow ihe capiul 
output ratios to be higher for regieaive than progreiiive agriculture (19^4 VS. 
Census of .4fTicu/ruf# for the former, and VSDA farm Income SttumUon, A^if uit 
I96S. for the latter). Therefore, agricultural progreti ii not alwayi auociated with 
inaeaiing (relative) uie of capiuK Better organiMtion of the farming operation 
and larger farm liiei are ihown here to be more important. 

*^Tht lomewhat unreasonable result of so much idle pasture represents a 
problem with respect to the rigidity of linear programming. However, it could be 
significantly alleviated by including activiUes (and relevant costt)^ convert land 
from one type to another. But this is not attempted in any of the RDAAP mtxkl 
variations. Nonetheless, this result is consistent with the fact that pastureland is 
not used to capacity in the Oiarks. 
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Emporu and Incrauingly Open Economics 

Successive increases in potential levels of boih exporu and labor 
incommuiing can simulate what happens when an area becomes 
increasingly less isolated, and more open and integrated with the 
rest of the country. An earlier section examined tradeoffs between 
alternative regional ^oals which can be explored with this type of 
simulation. Tliis section explores other general results of the 
simulation. In later sections^Basic Model (Expanding Regional 
Trade) and Adjust^ Planning Model— more detailed results of 
this type of expansion will be presented. 

When manufacturing export limits (consuaints) are relaxed to 
very high levels from the initial relative lower base levels," and 
the levels of labor incommuting permitted are greatly increased as 
well, the resulting industry spectrum in the model solution is 
specialised beyond what may be realistically obtainable or desir- 
able for the planning area. This result is partly a reflection of the 
tendency of open economies to specialize and partly a problem 
with the assumptions of linear programming. If unconstrained, a 
linrar programming solution selects "too much of the same 
things." In its linear world, costs and revenues of an industry 
remain constant, in opposition to the rral world sequence of 
increasing, then constant, and finally diminishing returns. Export 
limits, at reasonable levels, such as are used ir^he base levels (see 
footnote 38) in the RD.\AP model, are a mean^wf coping with 
this problem. Or. more complex production functions of alterna- 
tive scales could be added to the linear model to render it, in 
essence, less linear and, thus, somewhat more useful and rralis- 
tic." This latter procedure is not undertaken in the RDAAP 
model analysis. 



**UtinK a technique vielding vtt\ appraxinuite results, my ettim^tet oi thete 
haie levels lor exp(>rtt represent what might be the region's natural share ol the 
eiKport market for each commodity. Therelore. these estimates can be considered as 
no more than "ballpark" figures. 

*^rhat IS. the m«:idel would include Kveral prtjduction functions for each tndus- 
try. each with a different set of input coefficients to reflect varying relative costs 
and urale effects ai each increasingly larger production level. After each such level 
is reached, the model would permit increased production by that industry only if 
it used its "next" production vector for that industry. 
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Planning Imighti: Specific Obtervationi Ffom 
RD AAP Rattlto 

This section ii divided into six subtectionSp conesponding to the 
various verriom of the RDAAP model. Comrftcnu in the pre- 
ceding section were usually general and tended to be valid for all 
model versions, whereas many of die resulu in diis section are 
specific and hold true only fc^ a particular venion. This section 
presenu some of the detailed numerical resulu of the various ver- 
sions. The reader not intctested in such details* may skip to the 
concluding section of this report. 

The six RDAAP model versions in this section are as follows: 

First, the Basic Model, as was described earlier. . 

Second* the Expanding Regional Trade version, which is 
the Basic Model extended by siurcessively increasing both 
manufacturing export and labor incommuting limiu. 

Thiitl* the Income Taiget Increase and Decrease version, 
which includes succeuive increases and decreases in the 
income target. 

Fourth, the Toul Model, which alters the simple Basic 
Model by adjusting all rows, columns, and coefficients 
which pertain to the incremenul model in order to reflect 
a toul model. That is, the total concept assumes the build 
ing of the region ''from scratch."*® Since this version is a 
terminal-year model, as are all RDAAP model versions, 
only the current production and the expanded capiul 
requiremepu for the terminal year are induiled. 

Fifth, the Planning Model, is essentially the version of the 
model as developed by SRI. 

Sixth, the Adjusted Planning Model, described earlier, is 
built on the Planning Model foundation. 



•In tht baK ymr of the planning decade, a xero level of regional capiul Mock 
auumed. 
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These final two model variations are the planning versions of the 
RDAAP model. Table 2 lists selected structimil details of all six 
versions of RDAAP.* 



Bauc Model 

The simple Basic Model was used to test whether optimal levels 
of employment could forecast actual employment growth in the 
BMW region over the decade of the sixties; die levels match up 
rather poorly with respect to industry types (SIC code^).*" Levels 
of employment cannot be expected to correspond well since high 
levels of labor ouicommuting (i.e., levels beyond what may be 
realistically expected) are observed in the Basic Model.« Hence, 
percentage 5/iar^5 of local employment levels in the model versus 
actual share resulu for the region are the figures compared. Here, 
too. the correspondence is poor. None of the six regional objec- 
tives of the Basic Model can be said to have predicted better than 
any of the others. 

Comparison of Basic Model and BMW Region Employment in 
the Manufacturing Sector. For the manufacturing sector as a 
whole, the percentage of total employment ranges from 24 to 29 
percent over all six regional objectives; for the area, the actual 
proportion of manufacturing in the growth increment was about 
36 percent. The model, therefore, underestimates the actual 
growth of manufacturing. 

For four-digit manufacturing industries, the matchup is also 
poor, due partly to the relatively small number (64) of manu- 
facturing industries in the model. Slightly over 50 percent of the 
region's actual four-digit SIC manufacturing industries are not 
included in the model.*' As a result, 44 percent of the region's 



*^Thi> problem might be tubsuntifitlly reduced if unc would look at induttry 
rtiunomic character! >tkt. rather than only at product type |SlC*t|. Due to a lack of 
dau. such model/actual comparttont bated on induttr>' economk characterittkt 
were not implemented [/^V, 

*'L^U>r incummutirtg but not labor ouicommuting tt limited in the simple 
Daitc ModeL The latter assumption prevents the model's internal (thadow price) 
wage for any labor skill from falling to tero tf tt is in surplus, 

*'The area theoretically can obuin industries from approximately 4^0 four-digit 
SIC manufacturing industry categories. 
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Table 2---Selectcd ttniciiuil detaib of the six vmions of the RDAA^ model 



Six Versioni of RDAAP: 



' Simple Basic Model 
Basic Model (Expanding Regional Trade) 
Basic Model (Income Target Increase and Decrease) 
Total Model 
Planning Model 
Adjustea Planning Model 



Alternative regional objective functions: Their usage among model versions 

7 

In the AdjxASted Planning Model 



Regional objective 



Ills 



Regional balanqtf-of-paymei 

surplus 
Regional balanceKif- trade 

surplus 
Gross regional product 
I^ocal value added 
Local wage bill 
Local employment 
Regional profits 
Regional rate-of-return index 
Gross regional product 

(immigration) 



Used as objective function or 
as constraint row 

Samc^as aibot)!- ^ 

Same as above 
Same as above 
Same as above 
Same as above 
Same as above 
Same as above 
Same as above 



In the other five model versions 



Used as objective function or as 
constraint row 
Satne as above 

Satnc as above 

Same as above 

Same as above 

Same as above 
Used as constraint row only 

Same as above 
Not considered in these model 
versions 



ContintAcd--^ 
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Table 2—1 



>Scltclcd stnictunil details of ihe vereiona of ihe RDAAP model 



Selected changes in tansirainis and activities among model vdlrsions 



Manufacturing export 
constraints 

Labor incommuting 
constraints 

Labor outcommuting 
fronstraints 

Labor supply (rij^ht- 
hand-stae portion) 

Labor supply (re- 
leased labor) i 

Number of labor 
transfer activities 

Per capita personal 
income target 

Number of column and 
row activities 



Simple Basic Model 
Base levels (incremental approach) 
Base U'vels (incremental approach) 
None 



Actual growth in BMW region labor 
supply 

Fixed (target) portion from old 
sector; variable portion from 
regressive agriculture 

One 

Same as BMW region, I960 70 

394 columns, including RHS 
column, excluding slack vectors; 
S65 rows 



Basic Model 
(Expanding Regional Trade) 

4 iterations (1, 8, 12» 16 time^ base 
level) 

1 iterations (2, 5. 8, 12 times base 

level) • ^ 

None 

Actual growth in BMW region labor 
supply 

/*ixed (target) portion from old 
sector; variable portion from 
regressive agriculture 

One 

Same as BMW region, 19f)0 70 

394 columns, including RHS 
column, excluding slack vectors; 
365 rows 
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Continued^ 




Tabk 2— Selected itruciurml deiaib^ the dx veniomof the RDAAP model^^-Continura' 

ik-k*itcd changes in lonsiraims and arnviiieji among xwoAiX versions 



Manufac^iuring export 

constraints 
Labor incommuting 

cujnstr^ints 
l^bori^conirnuting 

consiramts 
Latior supply (right- 

hand-siue pc)rtion) 
1 iibor supply {ft- . 

Irasrti labor) ' 

Nunihcr of labor 
transfer activities 

Per capita personal 
income target ^ 

NutnU*r of cohjnin iind 
row activities 



fioiiV Model 
(Income T argei 
Increase and Decrease) 

Base levels (incremental approach) 

Base levels (incremental approach) 

None 

Actual growth** in BMW region labor 
supply 

Fixed (target). porttcni from old 
sector; variable portion from 
regressive agriculture 

One 

4 successive increases; 4 successive 
decreases from that of simple Basic 
Model 

S94 columns, including RHS 
column, excluding slack vectors: 
365 rows 



54 



Ota I Model 



Bas<: levels (total approach) 
Base levels (total approach) 
None 

Actual BMW region lalH>r supply 
Ncine 

One 

Same as BMW region, l9l>0-70 (with 
total approiich) 

390 cOliitnns, including RHS 
column, excluding slack ieciorsi 
m row* 

Continued^ 



Tafcie stnictlifal dctatif of the nx vcisiooi of the R DAAP inodel--condnucd 

Select^ changes in constrainlts and activities among model versions 

Planning Model 



\ 



Manufacturing export 
constraints 

Labor incommuting 
constraints 

Labor outcommuting 
constraints 

Labor supply (ri^ht- 
hand-side poruon) 

Labor supply (re- 
leased labor) 1 



Number of labor 
transfer activities 

Per capita personal 
income t^j'get 

Number of Tolumn aild 
. row activities 



Base levels (incremental approach) 
Base levels (incremental approach) 



None 

Upes SRI projection technique for 
labor supply by skill level 

Fixed (target) portion from old 
sector; variable portion from ^ 
regressive agriculture 

One 

Same as BMW region, 1960-70 



394 columns, including RHS 
column, excludin^slack vectors; 
365 rows 



Adjusted Planning Model 

Base levels (incremental approach); 

2, 3, 4, 5, 6 times base levels for 

iterations 1-5, respectively 
Base levels (incremental approach); 

6. 12, 18, 24, 30 times base levels for 

iterations 1-5, respectively 
5 percent of model's labor supply 

level for each labor skill 
Uses SRI projection technique for 

labor supply by skill level 
Varies depending upon size of wage 

bill plus "other income" in model; 

variable portion from regressive 

agriculture 
Six 

No target; varies depending upon size 

of wage bill plus "other income" 

in model 
400 columns, including RHS 

columns (2), excluding slack 

vectors; 370 rows 



observed growth in manufacturing cmploymcni is in industries 
not incorporated in the model.** 

The correspondence improves only very slightly at the three-digit 
and the two-digit SIC classification levels. This limited improve- 
ment can be explained by the successively increased ''potentiar' / 
for matchup. But at these aggregated levels, the matchups have 
less meaning and precision. Two industries classified as different 
at the four-digit level but which fall into the same three-digit 
category, would probably have less in Common than two 
industries in the same four-digit classification. 

Some four-digit level employment comparisons in the manu- 
facturing sector follow. Poultry processing, an extremely 
imporunt activity in the area, represents about 21 percent of die 
region's manufacturing employment and about 7 percent of the 
total employment in the jegion. However, the largest 
corresponding percentages for the model are 3.7 and^^, respec- 
tively (for the local employment objective). For the value added 
and local wage bill objectives, poultry processing is not in the 
solution at all. 

The second largest manufacturing industry in the area is for 
motors and generators, but since there is no such industry in the 
model, no prediction of this industry is possible. The third 
largest in the area is knitting mills (except knit fabric mills) 
which is in the model solution for only one of the six regional 
objectives (the local employment objective) at only one-fourth the 
actual level for the region. 

Conversely, the refrigeration machinery industry is the largest (in 
terms of emplpyment) and most important in the model (largest 
shadow price) for all regional objectives, but does not exist in the 
area. Even when this industry is considered at its three-digit 
levels-service industry machines— there is very little correspond- 
ing regional employment. 

There arc a few isolated examples of a good fit at the two-digit 
level, but overall the correspondence is not much improved from 



«U one looked at the economic charactemtici of the region's industriei» and 
tompaied them to the corresponding model industry charactenstics. a lack of 
potential for SIC code matchup would be less important (see footnote 41). 
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ihe ihree-digii or four-digii level. Thus, in general, ihe aggrega- 
lion of industries improves ihe model's predictions ver>' little. 

Comparisons of Service, Government, and Agricultural Sector 
Employment between the Basic Model and BMW Region. The 

model is a poor predictor of service sector employhient. Among 
the nioders six alternative objectives, the service employment 
percentages remain relatively unchanged. This is not surprising 
since there are (assumed) no exports or imports of model ser\ices. 
Thus, the only changes in service demand can arise from changes 
in intraregional interindustry demand. 

Prediction by the model of the actual increase in government 
employment* for the region has no meaning because the number 
of government employees in the (Basic) model is defined as the 
actual increase for the region. 

The agricultural sector shows a net employment change (pro- 
gressive minus regressive sector) that is generally in the same 
direction as that of the region. The area's agricultural employ- 
ment declined in the sixties. The model predicts a net decline in 
agricultural employment for all objectives but the local employ- 
ment objective. Thus, the model to some extent describes or 
predicts the area's agricultural employment decline. 

Employment Comparisons by Sector between the Basic Model 
and BMW Region — Conclusion. The conclusion that one can 
make for planning purposes, in view of those generally poor 
predictions, is to relv less on specific mMel (SIC) detail, and 
mure on industrv economic characteristics when making com- 
parisons between actual and model industries. That is one reason 
that many of the findings in this report are discussed in general 
terms rather than in specific numerical or industry detail. Poor 
prediction, however, does not necessarily imply that the model 
solution would have been a poor prescription for an area's 
economic development. 

Comparing Unconstrained and Optimal Levels of Each Regional 
Objective. There are six objective functions in the Basic Model. 
• When one is maximized, the other five are unconstrained or 
constrained to be above a minimal level. In this section, onlv 
balance-of pavnients surplus is constrained. Comparing the 
resulting levels of unconstrained function values of an objective 
with its feasible maximum is informative. For the Basic Model, 




ihc regional balancc-of-paymenis surplus for the capiial-orienicd 
objectives is around $12 million, compared widi a possible 
maximum of $13 million.** For all labor-oriented objectivesr, the 
balance of payments falls to its constrained floor of zero. The 
regional balance-of-irade surplus, similar to die payments surplus 
but not augmented by net investment and profit* flows, shows a 
similar pattern. When the trade surplus is maximized, the uade 
deficit is about $19 million; when the balance of urade is 
unconstrained under the maximization of the local wage bill, the 
trade deficit rises to $36 million. 

Gross regional product, which is defined here to include in the 
•'foreign trade ' sector the net wages of outcommuters above 
incommuters, exhibits values that cluster at a substantially higher 
level for the capital objectives than for the labor objectives. Its 
range of values is from a high of $191 million for the gross 
regional product objective to a low of $177 million for the local 
wage bill objective. However, if outcommuting labor wages are 
not included, gross regional product for the labor objectives 
slightly exceeds that of the capital objectives (except for the local 
wage bill objective). Apparently it is only the sizable levels of 
labor outcommuting receipts that enable the _capiial-oriented 
objectives to achieve a greater gross area product than die bbor- 
oriented objectives. 

If sizable levels of labor outcommuting*^ are not acceptable, then 
the above results for gross regional product provide some 
evidence of the desirability of (1) labor-oriented rather than 
capital-oriented regional objectives, and (2) objectives that use 
such labor resources locally with less reliance ori interregional 
exchange. The pattern for aggregate value added and regional 
wage bill (when outcommuting wages are included or excluded) 
is similar to that for gross regional product. 

For local employment, the capital objectives' employment 
opportunities in the region are about 6 million worker-hours 
fewer than the labor objectives', rtowever. when the 
outcommuted labor is added to the local employment total for 
each objective, each result, by definition, will be the same: the 
total local resident labor force. 



**An dollar values arc in 1963 consuini dollars. 

♦•The implicaiion of ihcse large levels of labor ouicommuiing will be discussed 
ihortlv. * * 
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Labor OuCcominuting. The Basic Model yields high levels of 
labor ouicomniuung.*' In view of ihis, mosi regional macro- 
economic variables, such as regional wage bill, regional value 
added, etc.. are listed in iwo forms— wilh and without wages 
accruing to labor ouicontmuting. 

What would represent a reasonable level of labor outcommuting? 
According to Berr>, no more than 5 percent of the labor 
force outcommuted from the BMW region (Fayetieville) in 1960 
[J I Accordingly, ihe residual resulting from deducting this 5 
percent from the level of labor outcommuting in the optimal 
solution, can be considered as an approximate indicator of 
regional unemployment. However, to insure that the internal 
pnces (shadow prices) of labor skills in the model do not fall to 
zero, the model permits an unlimited potential for labor 
outcommuting. That is. the model docs not limit the external (to 
the region) wage opportunities.^* This represents a more realistic 
model solution since, in reality, labor wages are not zero. 

The above 5-percent labor commuting level can perhaps be 
considered as the "naturar* level of labor outcommuting. But 
even with the 5-pcrceni deduction, the level of "excess" out- 
commuting, or unemployment, is high in the Basic Model. This 
is troublesome because the constraint levels for exports and 
incommuting labor assumed in the feasic Model were felt to be 
reasonable. However, as will be discussed late^in this report, 
the verv modest changes incorporated in the Adjusted Planning 
Model greatly improve this result (i.e., r^uce unemployment). 

Labor by Skill Level--"Supply and Demand Patterns. The 

excessive level of labor outcommuting (unemploynicht) in the 
Basic Model suggests that the optimal results use a different 



♦'In the SRI model. uutcummutrd |abor was assumrd to be uncmploycc/. and 
ihc outcommuting wage sum (basrd upob rcsei^ation prices for tht wage rates) 
was deducted from the total regional product. 

♦•Only if the regional objective is measured in dollar units will ihe shadow (wage) 
price also be in dollar units. Thus, a shadow price wage need not necessarily be 
calculated in units of currency, as would be typical for a wage in a money economy. 

♦•In extensions of the Basic Model, these constraini) are successively increased. 
The base- level export constraints represent a verv approximate calculation for 
export markets based on very rough estimates of the historical export shares of the 
area industries. 
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pattern of labor skills than actually prevails in the aita.^ Again 
this shows that the Basic Model is an inadequate predictor of the 
actual BMW region. Table 3 summarizes the pattern of labor use 
and availability in the model for the objective of maximizing the 
regional b^lance-of-paymenis surplus. 

Table S is divided into two main sections— the BMW region and 
the RDAAP model. The first two rows of percentages for the BMW 
region are from table 1 and give the percentage breakdown by 
skill level of total employed labor in 1960 and 1970. The third 
row is the percentage breakdown of employment growth' in the 
region between 1960 and 1970. 

The second section (RDAAP model) gives, first, the total labor 
supply included in the model. For the Basic Model, this supply 
includes not only the 1960-70 regional labor growth (row 3 of the 
Uble). but also additional labor (explained in table 3 footnotes) 
due to productivity growth in the old sector, to technical and 
organizational change in agriculture, and to incommuting. This 
sum then represents the (Basic Model) supply of labor available 
to the model; it differs from the BMW region growth of labor 
alone, as can be seen by comparing the percentages in row 4 with 
those in row 3 in table 3. The model s growth in labor supply for 
unskilled and. especially, skilled labor, relative to the model's 
total growth, is larger than that for the region; the model's 
growth in supply is smaller for managerial and. especially, 
clerical labor. 

The demand for labor in the Basic Model (row 6 in table 3). 
consists of the total percentage use of labor in the model, 
excluding labor outcommuting. When outcommuting labor is 
included (row 7). die demand percentages equal, by definition, 
the supply percentages (row 4). Comparison of these labor 
demand and supply percentages (rows 6 and 4) reveals a poor 
matchup between regional labor supply and demand of the Basic 
Model. The differences are accounted for by commuting. 

The labor supply (row 5) and demand (rows 8 and 9) for the 
Adjusted Planning Model are defined somewhat differendy as 



*mie aciual marasc in ihe labor lupply for ihc BMW region ii noi exacily ideniical 
to ihc moderi total laboriupply because ihe laiicr includes ''released" labor from boih 
ihe old lecior and regressive agriculiure, and from limited Icveli of incommuting 
labor Thii exim lupply ii added lo the victual growth in labor lupply by iktll level for 
ihe BMW region lo form ihe model i lotal labor lupply. 
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TaUe S— Gnmih in cmpliyycd labot fdn:e» by skill lml» IttO-TO, 
sciual compucd with model 



Item Managerial Clerical Skilled Unskilled Total 



Percent 

PMW region' 



1960 (total) 


18.5 


8.6 


44.6 , 


28.4 


100. 


1970 (total) 


20.0 


12.6 


40.1 


27.3 


100. 
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1960-70 












Basic ModeP 


19.6 


15.2 


39. 1 


26.1 


100. 
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Planning 














14 7 


99 ft 


4ft 7 


inn 


Labor demand, 












1960-70 












Basic Model 


22.7 


22.8 


18.0 


36.5 


100. 


Plus out- 












commuting 












labor 


19.6 


15.2 


39. 1 


26.1 


100. 


Adjusted 






it 






Planning 
ModeP 












15.0 


15.9 


24.8 


44.3 


100. 


Plus unem- 












ployed labor 


1S.8 


14.7 


22.8 


48.7 


100. 



'Calculated from [9], 

'For the objective oi maximtiing the regional balaiicr<of«paymenu lurplus. 

niiis row tncludes the actual tncremsn lor cmploytd labor for the BMW region 
0960*70). plus the "released*' labor from the 1960 BMW region (old sector), plus 
die "released" labor from regreuive agriculture. It also includes (model) 
incommuting labor, which is constrained to be lei» than or equal to 5 percent of 
employment growth (1960-70). by skill level, in counties contiguous to the 
BMW region. 

*This row tncludes projecied, not actual, employed labor increases for the BMW 
region (l06O-7(^. plus labor transfers between ildlls via (coiutiained) transfer 
activities for the^ labor skills. Additional labor supply sourtes (although not 
necessarily labor supply leveU) are identical to those in footnote S of this table. 

K)utcommuting tabor is included in both oif these tows of percentages because 
It ts limited to low levels in the Adjusted Planning Model. Unemployed laboT'^ 
not exceuive in this model version-~is included in the perceniages in the second 
row« 
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explained in ihe fooinmes lo ts^blc 3. Demand (row 8) differs from 
supply (row 5) in the Adjusted Planning Model to the extent of 
unemployment (included in row 9). However, the matchup here 
between supply and demand is much closer than that for the • 
Basic Model because of the Adjusted Planning Model's mechan- 
ism for adjusting both demand and supply. 

Although neiiher the Basic nor Adjusted Planning versions of 
RDAAP "piedictcd" extremely well the Use of labor by skill level 
in the model— demand did not equal supply— such a discrepancy 
is likely to be irrelevant. Tlw RDAAP model is tfesigned 
primarily as a planning and not as a predictive model; there is no 
necessary reason why actual growth (including "released" labor, 
etc.) has to precisely minor optimal model growth for any of the 
regional objectives. In fact, one might feel, all other things being 
equal, that at least several regional objectives would yield results 
that differed subtuntially from those observed. The Basic Model 
was constructed to inquire into the model's predictive potential; 
however, the RDAAP model's main purpose is to describe 
optimal regional growth and development for alternative regional 
objectives, not to predict regional growth. 

Laboi' By Skill Lrvel^Unemployment Rates. Some labor is not 
in excc^ supply in the Basic Model. Clerical labor is in short 
supply; this shortage is the main reason for the "excess" of other 
labor skills.** If one assumes all excess outcommuting labor to be 
unemployed, the Basic Model unemployment rates reveal the 
dichotomy between the capital and labor objectives observed 
earlier. For the capital-oriented objectives, unemployment aver- 
ages around 29 percent, while for the labor-oriented group, 
unemployment ranges from 19 to 22 percent (table 4). 

Managerial unemployment ranges between 16 percent for the 
gross regional product objective to 20 pCTcent for the local wage 
bill objective. Skilled labor unemployment averages about 64 
percent for the capiul objectives and from 45-52 percent for the 
labor objectives. Unskilled and clerical labor generally are used 
fully. The Basic Model finds it advantageous to train unskilled 

♦ ' 

^'Thf riytdicy oi labor rcquirrmfitU i% a probirm beoiuie of the coniiani 
coefficicnc natuf« of linear programming (although altcmaiivr icale vectors could 
help: lee footnote 59). The rigidiiy of labor luppliei by ikill level further 
exacerbates the iituation. Thi^ Adjusted Planning Model attempu to alleviate, at 
least partially, this latter rigidity. 



labor, and ouicommutr newly trained workers (as skilled 
workers), wiih ihe BMW region reaping ihe benetiis only in 
lerms ot external wage earnings. This is perhaps not a sensible 
solution— training workers for jobs that do not exist in the local 
area, with the aviumption that there will be significant employ- 
ment opportunities outside the region.*' The shortage of clerical 
labor is a bottleneck to growth in the region;" jobs cannot be 
created to use the available managerial, skilled, and unskilled 
labor until ihif bottleneck is broken. 

Labor By Skill Level-Shadow Price Valuations. The wage floor, 
below which the model's internal price of a labor skill cannot 
fall, is determined by the assumed wage levels for labor outcom- 
muting. For capital objectives, this wage directly measures the 
shadow price for "surplus * labor, because regional "foreign 
exchange" directly enters into the objective function. For labor 



^H'hr Adjiuirtl Planhtn^ Mijtkl grcjily reduces chis cxcrssivr ouicoinmuimg 
problem fur Iak#r Further lefinrments in (he model, such as adding (i^iialty costs 
(e g . unenipluymeni insurance. wellJre costs, and so on* lo excessive levels of 
laUjr ouiconuMuting (uneinploynieni K could further reduce the problem. 

*;L'nskilIed lafxir is noi a fxMllenn k imcc it is available for use in the local 

Table 4*- Unemployment by skill level, by six objective functions: 
simple basic model, BMW region, l%0-70 



Objective fu lie lion 



M;uui- Clcri- 
gcruil c;il 



Skilled skilled Total 



Prrcen t 



Regional ba I a 1 1 ce -of - pa y ii le n \s 



surplus 
Regional balance-of-irade 



17.83 



0 



61.37 



L>9.30 



surplus 
Gross regional product 
Local value added 
Ltjcal wage bill 
Local eniploytnent 



18.28 

16- 55 

17- 91 
20,46 

18- 20 



0 
0 
0 
0 
0 



64/25 
64.04 
51.56 
52.22 
45.88 



0 

.46 
0 
(I 
0 



28.88 
28.57 
20.77 
22.28 
18.98 
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objectives, a floor remauii, bui iis level is determined only 
indirectly by the ouicommuiing wage, depending upon the rela- 
uvc shortage of "foreign exchange" with respect to the parucular 
regional objective function and its uniu (e.g., dollars, manhours. 

and so on). 

The shadow price valuation for clerical labor (the only labor skill 
in subsianlial short supply in the Basic Model) is well above lU 
floor level. The shadow prices for the other labor skills equal 
their floor levels. Under the capital objectives, the clencal labor 
shadow price ranges from three to seven times its floor, a floor 
level that is about 40 percent of the floor level for managerial 
labor (the largest). Under the labor objectives, clerical labor 
valuation is about 30 times the managerial shadow price and 
about 46 tiroes the floor level for unskilled labor. Thus, clencal 
labor is much more scarce for labor-oriented than capital-onentcd 
objectives, but its shadow price levels are exu^emely elevated 
;egardless of objective. 

"ThCTC is no nrcessary rrason for a labor shadow price to equal 
the actual regional wa^. Fixed labor coefficienu and supplies by 
skill level, and the absence of a mechanism for handlmg relative 
prices and wages in a linrar model, would all tend to lead to a 
.divergence between the actual wage and iu correspondmg shadow 
price. Even if one could eliminate such rigidities, at least some 
regional objectives (even among those in dollar units) would 
probably still yield labor shydow prices that differ from actual 
wages. 



Basic Model (Expanding Regional Trade) 

In the Expanding Regional Trade version of the Basic Model, the 
manufacturing export limits and incommuting labor constramis 
are simultaneously increased in four successive stages or itera- 
tions This successive relaxation of constraints simulates the 
gradual opening of the region to increased trade and labor flows 
with the rest of the country; such increased flows induce increased 
growth in the area production and a rise in the region's industry 
spccialiiation. The initial or base levels of these trade and 
commuting constraints (for the simple Basic Model) approximate 
benchmark figures. This section will explore in some detail the 
effects of the expansion. 
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Export limits are raised up to 16 times, and incommuting labor 
ceilings up to 12 times their initial levels, in four separate itera- 
tions. Export markets and incommuting labor flows at such large 
levels are not likely to occur.*^ Nonetheless, the exercise can prove 
informative. The results show a rapid increase in specialization; 
the optimal number of industries declines precipUously during 
early iterations, but falls more slowly during later ones. 

.\s export and labor incommuting constraints are raised 
simultaneously over the four iterations, employment increases 
substantially in all industries (service and manufacturing) and 
gross output in the region expands as welL For example, the 
manufacturing employment subtotal is two and one-half times 
larger at the upper level than at the initial level. If an industry 
fails to appear in a lower iteration solution, it docs not ' 
necessarily indic^ate that it will not enter in a higher iteration. For 
example, for the local employment objective, some industries 
absent from the lower steps, enter at extremely large levels in later 
steps. 

Over these four expansion steps, the most important industry in 
the model solution remains refrigeration machinery, its size risitig 
from around 850 employees for all objectives in the initial level to 
14,300 employees for the local wage bill objective in the final 
step. The next mosi important industry in this last step is manu- 
facture of male underwear and work clothing, which increases to 
an employment level of abi^ut 3.500 workers for the local employ- 
ment objective. However, ai the two intermediate expansion steps, 
this mdustry disappears from the solution for this objective. 

.\s mighi be expected, as the permissible constraint levels are 
raised, and the area becomes much more open and productive, the 
deficits in bcuh the government and consumption accounts fall 
(for a given fixed income target), resulting in substantial 
surpluses at the upper expansion levels (except for the 
consumption account for the local employment objective). These 
extremely large increases in trade and labor flows lead to a high 
degree of industry specialization, and such specialization may 
deal a regicm a longrun destabilizing blow if long-term or 



**A.* will \k ckptainrd later when di»« tufting the rcsulu (or ihc Adjuttrd 
Planning Mtidel. increuwxJ lr\Tl» o( inconinuiiing ciin br tntcrprfted at ftiiriiulaimK 
fhe incliatui} uf mure laUir rttminiing uctiviiitcs in the mijdel 
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cyclical reductions in demand should occur for die region's few 
export products. 

The effect of die series of expansions on the level of ' excess ' 
ouicommuting (above 5 percent of regional labor supply)— in 
other woids, unf^tnployment— it at expecied; outcommuting and, 
dieiefore, unemployment decline substantially. For die labor- 
oriented objectives, unemployment drops to nearly lero at the 
higher steps. But for the aipiul-oriented group, some 
unemployment remains, even at die highest step, aldiough it is 
reduced to around 5 or 6 percent. ^ 

Thk main effect on the labor valuations (shadow prices) of diis 
successive relaxauon of constraints if#o bring the clerical valua- 
tion slightly more in line with the shadow prices of the other 
dircc labor skills. This is accomplished more by an increase in 
the hitler three valuations than a decrease in the clerical price. In 
ihe later expansion steps, the huge inaease in clerical labor 
which commutes into the BMW region creates a more even^ 
balance among the labor skills. 

For the four types of agricultural land (total farmland available is 
assumed constant), both their usage and shadow prices change 
very little between the expansion steps. The optimal agricultural 
format changes very liule as die region is opened io|he rest of 
the country. However, diis is less true for die labor-oriented 
regional objectives ihan for the capital-oriented ones. 

Bade Model (Income Target Increase and 
Decreate) 

In the income target variation of the Basic Model, the target for 
per capita personal income is successively raised in four steps 
from a 55i-percent increase (simple Basic Model target) to a 75.3- 

Krceni increase, and then lowered in four additional steps to a 
S-percent increase above the 1960 level. This experiment was 
run using only the regional balance-of-paymenis surplus objec- 
tive. 

The region s increasing per capita income target cannot be met 
without ouuide subsidy or other concurrent changes. Such 
changes consist of opening the region to larger permissible 
exports and labor flows, and of increased flexibility in labor 
supplies as included in the Adjusted Planning Model. Gross area 



produccion remains virtually unchanged lor increases in the 
income target, while production falls with decreases in the 
target. 

*rhe impletiientatipn of these increases (or decreases) in the 
income targN involves a corresponding increase (or decrease) in 
both the consumption and government spending rec|uirements. 
Increases in boih these items are met merely by subsidies from 
ouuide the ikrea. Both the regional balance of trade and paymenu 
surpluses are^eatly reduced in order to **pay for" ihese larger 
targets. G:>rrespondin^ly, the wage and tax deficits rise, 
indicaiing incre^ised fiscal insolvency*" 

As the per capita income target is reduced, gross regional product 
declines.** The region has no reason to produce, after meeting the 
reduced targets, other than to earn net regional ' foreign 
exchange." Only that portion of extra production which adds to 
this sutplus is undertaken. Similarly, regional wage and lax 
deficiis decrease, changing to a surplus for the lower income 
largeis^' 

When i^er < apita income targets are raiKxl, the unemployment 
rate increases substantially because the model cannot use it.s labor 
as efficiently as before the increases. The model is forced to 
produce increasing amounts of goods and services for the con- 
sumption and government sectors, which results in an increasing 
surplus of some of the labor skills. Iliis increased surplus then 
leads io Ik rise in the level of ouicominuting. However, when 
largtis aie reduced, unemployment declines only slightly. The 
increase and decrease of the jx'r capita income targets affect labor 
and land valuations (shadow prices}^and land usage very little. 
In short, it is im|j<:irtani that planners set targets that are feasible. 
Targets based on wishful thinking c^in lead to inefficient re.source 
allcMration as well as to diished hopes. 



Thai (». nnihri toiuuitier* nor ^overltlnr1l( c;un a tutficicni wugc bill or 
iulleci enough uixr» lO uHoiii lUv urgt tA^ 

Hic tegiunal ltiahtMi: r-<.>^(rtiiie »uiphi» object i\T thou Id vieKi n »imiibi icnuh. U 
i% iioi a priori clear whai woukl ft.ip{irit for ihc oihcr ahernaiivc icgional 
ubjciMvcji 

^"'nu» dtjri not imply, howrvei, (hai the improved liu:a\ »iiuatioii for 
con»uinrT« and guvrrnmrni i% neccMartly Jjcticfidal. In fact, eiuictn wage and tax 
earning) (or, in oeher v%urd», iincreawd tavingn and tax turpi u») may rciuh in iui» 
much deferred contutiipiion l>eyond ihe lime- frame of efte m«:jdel. 
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Total Model 

The Total Model embodies a "total" rather than an ' ">cre- 
menial" approach, Otherwise, it is similar ^o the Basic Model. 
This venion helps to answer questions of development from an 
assumed »ro-level of capital stock instead of from the old-sector 
level in the base year." The toul investment in capital stock over 
(he pUnning decade must achieve the same per capita incomt , 
goal as the Basic Model in the target year. Would the industry 
mix differ for a toul approach from diat for an incremental 
approach? 

Consuaint limits on exports and labor incommuting. as well as 
the aggregate income urgets (consumption and government), are 
raised slightly from those levels in the simple Ba0t Model to 
reflect the region s total population and labor force. All 
cultural land is available for use including that used by th* old 
progressive sector The general conclusion of this experiment is 
' that the marginal and total models are quite similar. 

The Total Model does not give much new informatiori about the 
optimal number and variety of industries compared wiOi the 
results obuined using the Basic Model. This result perlwjM 
should be expected because, in general, industries favored m a 
linear programming situation will continue to be favored as 
export limits are permitted to expand modestly. Only with sizable 
expansions will substantial numbers ol these industries be 
curtailed In short, what is optimal marginally tends to be 
optimal totally. 

Some differences in the resulu of the Total Model from those of 
die Basic Model are worth noting, however, While the growth in 
employment in the Basic Model is less concentrated in 
manufacturing than is the actual growth for the BMW region the 
total employment of the Total Hodel is even less concentrated 
when compared with the total employment for the region. The 
regional balances of trade and paymenu yield much larger 
deficiu. partly because of the increased capital coristruction 
burden. But this is an incomplete explanation. Private investment 
levels in the optimal solution of the Total Model rise very little 
from those of the Basic ModeL The difference is that the„ 
increased government and consumption requitemenu, from those 

••See lotjinotc 40. 
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of ihe Basic Model, even with the Total ModeFs augmented labor 
supply, lead to reduced labor efficiency, resulting in increased 
levels of labor ouicommuting in the Total Model. This suggesu 
that perhaps the labor released from the old sector was actually 
less than estimated for the Basic Model; the old sector's increase 
in efficiency may have lagged behind the new sector's. * 

Thus without appropriate changes in the model, such as are ^ 
mcluded in the Adjusted Planning Model, there is a problem 
with the Total Model as presently constructed. There is insuf- 
ficient labor working in the region to produce the substantial 
capital production needed to reconstruct the old sector's capital 
stock. The regional wage bill deficit and the tax shortage are both 
increased using the Total Model. 

The pattem^of land and labor valuations (shadow prices) is 
similar in the Basic and Total Models. By definition, more land 
IS available for reallocation among alternative uses in the Total 
Model, and as a consequence, usage rates are higher for some 
land types, lower for others. Cropland, however, is used fully in 
both models for all objectives. 

Planning Model 

The Planning Model differs from the Basic Model in one 
important feature. The supply of labor skills is determined by an 
estimation technique.^^ This represents a partial planning model; 
a complete planning model would require all target-year 
parameters to be projected from base-year data. 

In general, the results from this planning model prove to be 
inadequate. This version is less useful for developmental pur- 
poses than the Adjusted Planning Model, which goes beyond the 
SRI formulation, and which is discussed in the next section. 

The main flaw in the Planning Model lies in the projection 
technique, developed at SRI. for labor skills. The distribution of 
projected labor skills differs substantially from the distribution of 



J^lht victual BMW region population for 1970 is used for these calculations, but . 
the labor force by skill level is estimated. Th? technique developed by SRI is used 
for this estimation. 
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actual skills in 1970 for the BMW region (table 3. row S).« The 
Planning Model projects far less managerial labor than actually 
existed and. conversely, it projecu more clerical >abor. as well as a 
greater increase in total labor force than actually occurred by 1970 
[91. Accoidingly. managerial labor is in short supply m the 
Planning Model, as was clerical labor in the Basic Model. Labor 
supplies by skill level are made more flexible in die Adjusted 
1*lanning Model. 

The maximum level of regional balance-of-payijf<ents surplus 
attainable in die Planning Model is about $2.5 milhori. versus 
about $15 million in dio Basic Model. This reducuon is due to 
die assumed changes iniquantity and quality of die labor force. 
Similarly, gross regional product is slightly reduced. 

Excess labor outcommuting (unemployment) increased for all but 
managerial labor in the Planning Model. Deficits increased in die 
waee bill and tax accounts with respect to consumpuon and 
government spending. Realized income (wage bill) and taxes col- 
letted decreased. These results imply a sigiiificant cnucism of Uiis 
version's estimation technique for labor skills. 

i * 
AdjiuM Planning Model*' 

The Adjusted Planning Model improves upon die Planning 
Model, especially widi respect to reducing excess labor outcom- 
muting (unemployment). In this model version, die regional 
balance-of-trade surplus, radier dian die regional balance-ol- 
nayments surplus, is constrained at or above a certain minimum 
level for all objecuves. This should eliminate any tendency for 
ouuide investments to be made in ;ow rate-of-return industries 
for die sake of an improved balance of payments When die 
regional balance-of-payments surplus, which includes investment 



•miis projection repreKnts a major portion, but not the enure supply of labor 
in the model -Releaied " labor from the old sector, regressive agnculture. and 
lUcS^ZTng adS. .o the supply (see uble 3 footnote, for the Bas.c and Adjusted 

S'Si' analysis and results ol this subsection may be difficult for the 
nontechnical i«iden they can be bypassed without too much Iom of continuity. 
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as a posinvc incrcmcni and profits as a negative incremeni « is 
consiramcd lo be above a certain minimum level (as in ihe Basic 
Model), ihen when ihe balance-of-payments row is bindihg. ihe 
solution may include industries of low rates of return in order to 
increase investment and decrease profits. This could have devel- 
oped, but did not, in the Basic Model. Constraining the trade 
rather than the payments balance circumvents this possibility. 

Three additional regional objective functions are added to the six 
of the Basic Model: maximization of total Tegional (private) 
profits, maximization of regional industry rate-of-retum index 
dnd maximization of gross regional product (with labor incom'- 
muters of the optimal solution to the original gross regional 
'^^'r^'^'u"'*^^'""*' assumed as immigrants)." Use of the first two 
added objecuvcs has been discussed earlier in the section 
discussing attracting industries to the planning area and in the 
section describing the use of multiple regression analysis. The 
third added objective enables the planner to consider the nature 
of development with immigration, rather than incommutine 
only, of labor with critical skills. 

That portion of the model's total labor force (by skill level) 
which is contained in the model's right-hand-side column 
remains unchanged from the Planning Model. Both consumption 
and government spending are required innhis model to equal 
respectively, the regional wage bill (excluding personal taxes and 
savings) and the area taxes collected. Although this requirement 
eliminates excessive deficits, it also permits the ratio of 
governmt^nt spending to personal income to diverge from its 
historical norm. 

In ihe Basic Model, each spending target represents an estimated 
percentage (rural Southern average) of both consumption and 
total taxes to the personal income target. In the Adjusted 
Planning Model, the consumption and government spending 
» 

«A1H mancing and (^wnership of incrrrnrnul mdustrial invesimeni in the reKion is 
assumed to originate from outside the region: profits remittances therefore flow out of 
ine region. 

"For this -immigrant version * of the gross regional project objective, the labor 
forcT jplus dependenu) which immigrates is assumed to be the largest observed 
number of mcommuting workers for the gross regional product objective This 
occurs with the most 'open region " run of the Adjusted Planning Model (for the 
same objective function, but without the immigration assumption). IncommutinK 
and immigration are both permitted in this version. 
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levels, as well as the realized level of personal income, can vary. 
The benefit of handling consumption, government, and personal 
income in this manner is that they become internally consistent 
in the model. That, i&. not only are achieved levels of * 
consumption and government endogenous, but also they are 
consistent with the levels of the endogenous w^ge bill (plus 
••other income") and taxes. 

Similarly, the levels of three other aaivities in the model— the 
amount of labor ^released" by the old sector, the level of 
investment targeted for that old sector, and the net level of the 
region's 'other income '-^are made to depend not upon an 
exogenous income target, but rather upon the gain in per capita 
income adhieved within the model. 

Labor By Skill Level— Labor Outcommuting Constniinu. To 
measure true unemployment levels, labor outcommuting con- 
straifits by skill level and five additional labor conversion 
(transfer) activities are added to the Adjusted Planning Model.«^ 
The cost of this, however, is the loss of the model's internal wafee 
floor on a surplus labor skill. In linear programmmg. the shadow 
price on a surplus resource is zero. The unemployment rates in - 
the Adjusted Planning Model are more realistic and much 
reduced from the excess outcommuting levels of the simple Basic 
Model. 

Labor By Skill Level— Labor Transfer Activities. The five added 
conversion activities between pairs of labor skills are limited to - 
transfers which can be expected to occur without substantial 
retraining. Since the cost of such u^ansfers would be very small, 
these transfer vectors need not include resource inputs. These 
potential conversions represent a very small fraction of the total 
labor force. i^ 

The conversions included arc: (1) all managerial labor is assumed 
able to perform clerical labor tasks;" (2) some of the clerical labor 



•^Thc onlv tuch labor converiion acuvity in ihc Basic Model is ihe skilled labor 
miining vector, lonv^ning unskilled workers into skilled The outcommm.ng 
comtraints are limited to 5 percent of the local supply of each labor .kill; this 
percentage was c4ted earlier When discussing the work of Berry [/). 

•*This potential transfer, however, is unnecessary because managerial labor is in 
more short suppiv than is clerical labor in this model version. 



65 



can become managers;" (3) a small percenuge of ihe increase in 
male high school graduates (half of whom join the managerial 
labor pool) can be transfened lo clerical labor; (4) a portion of 
the clerical labor force is permitted to be used as unskilled labor 
(and is eligible for skilled labor training); and (5) some of the 
female skilled labor which is released from the old sector can 
become clerical labor. 

Inarease of Export and Labor Ihcommuting Constraints. The 

Adjusted Planning Model was used to simulate the operating of 
the region with respect to the rest of the country by simultane* 
ously increasing the constraint levels for both exports of manu- 
factured commodities and labor incommuting over five successive 
iterations above the base level.*' Over the five iterations, the 
export constraints increase up to six times, and the labor incom- 
muting limits up to 30 times the base levels. Labor incommuting 
increases of this magnitude are not realistic, but are included to 
simulate what might occur when labor transfer and retraining 
vectors are included. 

For the base-level constraints, the industry-wide profit rate of 
return on investment for the region varies among objectives from 
about 18 percent to just under 14 percent, a realistic range of 
values. The regional balance-of-payments surplus (unconstrained 
in this model) generally decreases for the labor oriented objec- 
tives as the economy becomes more open, although for the 
capital-oriented criteria there is no smooth trend; the surplus 
generally increases up to iteration 3. but decreases thereafter. 

Consumption and Government Spending. In all but the regional 
balance-of-irade and balance-ot-payments maximizations, the 
levels of consumption and government spending require no floor 
because additions to these tend to increase the values of the other 
regional objectives. But for the trade and payments criteria, 
reducing consumption and government spending tends to 
increase the surplus by reducing the need for imports. Although 
all wages" and taxes earned in the model are required to be 



"The Planning Model assumes ihat all (and uniyi hijfh school female graduacei 
form I he clerical labor supply. This model allows a certain percenuge uf these 
females to become managers. 

♦Tins base level is identical to that in the simple Basic Model. 

"The }jortion of the wage bill that is spent is that pan that excludes personal 
taxes and savings. 
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iprm, there is an incentive for ihe model to yield low consump- 
don and government results for these two objectives. Hence, 
increasing minimum levels of consumption and government 
spending arc required over the five iterations. Also, the balance-of- 
irade surplus minimum is decreased at each step to pennit a 
greater variety of activity in rach solution. 

Consumption and government spending levels achieved over the 
nine regional objectives of the Adjusted Plannmg Model rise 
steadily as the region is opened, At the base level, the per ^pita 
income target ((consumption and government spendmg) which 
pertained to the Basic Model isfnot met.« In the Adjusted 
Planning Model, consumption; levels for the base-lev«rl iteration 
vary among the various objectives but generally are reduced by 20 
to SO percent from the Basic Model target. This inconie target 
(and implicitly the consumption and government spending goals) 
was based upon the per capita personal income actually achieved 
in the BMU^region for 1970.^* A similar, but much less severe 
reduction obtains for the level of government spending in the 
base level of the .Adjusted Planning Model. 

These results constitute a aiticism of the present model (at the 
base level) without more extensive labor retrainmg activities, 
since the spending targets were actually achieved in 1970 in the . 
area. By iteration I, government spending generally exceeds its 
target and consumption spending remains only somewhat below 
the actual level for the BMW region for 1970. At the highest 
iterations, these goals were much exceeded. 

The important conclusion is that the model gives per capita 
income results closer to those actually achieved in the area if 
exports and labty inconimuting constraints are somewhat relaxed. 
Some increase i/ incommuting would be easily acceptable. But, 
instead of the «stlv increased incombiuting of the higher 
iterations, an ifkred^c in labor-retraining activities would be a 
more realistic wav to achieve higher incomes. [The inclusion of 
such labor reconversion activities should be a future priority in 
improving the Adjusted Planning Model. 



•mie iimplc Baik Model inei iu income target wiih implicit »ubeidie» from 
ouuide the planning area. 

»mie regional income estimate used i% a BMW region Arkansas aggregratc 
income ratio* for 1970, times the actual per capita personal income for Arkansas 
in 1970. 
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The relaxation of export consirainis for manufactures (raised 
simultaneously with increases in limits for incommuting) is 
easily of realistic proportions in the Adjusted Planning Model. 
That is. in the lower steps (e.g., lOO-percent to SOO^percent 
increases), such increases in the export markets are easily 
achievable in view of the very approximate estimation of the 
base-level export constraints. Nonetheless, excessive industry 
specialisation resulting from extremely high permissible levels ol 
exports is not a rralistic or desirable prospect for the planning 
area.. 

Although the results obtained using the base*level constraints of 
this model version seem satisfactory, more meaningful results can 
be obtained by (1) a judicious opening ol the model with respect 
to export and labor flows, and (2) some accompanying incre^ase in 
the flexibility of the labor supply by means of additional labor 
retraining activities, converting surplus skills into those more 
critically needed. 

Labor By Skill Level---Uneinployment Rates. In the Adjusted 
Planning Model, unemployment arises because/labor outcom- 
muting is constrained to no more than 5 percent of the local 
labor force by skill level. In the base level for exports and labor 
incommuting. the regional unemployment rates for two of the 
nine objectives are zero— for the regional goals of maximizing 
local employment and gross regional product (itnmifrant 
version). This result for the immigrant version is to be expected 
since the portion of the labor force that the model assumes 
immigrates to the region. is precisely those labor skills that were 
incommuted in the ''prior run*' and that were in short supply; 
immigration provides the needed balance in tjie labor force. 

VoT the base level, the unemployment rates corresponding to the 
other regional objectives are also low. The rates rise lo about 8 
percent for the ohrjectives of maximizing regional trade and 
payments surpluses. (The regional rate-of-retum index objective 
is an exception with a 36-percent unemployment rate, high- 
lighting again the conflict between labor and capital.) Therefore, 
for the base level, eight of the nine objectives yield realistic 
unemployment rates, Only managerial labor incommutes at the 
base level's 5-percent limit for contiguous counties to the BMW 
region. As the economy becomes more open, in iteration I, five of 
the nine objectives show zero regional unemployment rates. By 
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iteration J. ihe Mncmploymcrii raies for all nine objectives have 
fallen to almost zero. 

Labor Transfers Between Skills— Results. Using (he regional 
objective of maximizing ihe balance-of-paymenis surplus, ihc 
results over the five iieraiions for each of ihe six labor transfer 
activities (including skilled labor training) arc shown in table 5. 
These resulu are representative for all regional objectives, 
although there are some scattered exceptions. The labor transfers 
permitted represent only a very small fraction of the total BMW 
region's labor fotce^" 

Table 5 reflects that managerial and clerioil labor are in short 
supply, whereas there is always an adequate supply of unskilled 
labor. At. the base level, the uransfer of clerical to managerial was 
at tu upper limit, while some of the clerical pool was replaced by 
transfers from unskilled. As the economy becomes more open, the 
transfers from both unskilled and skilled to cleri<al reach their 
Upper hmits to replace some of the clerical labor uansferred to 
mani^ial. Levels of skilled labor raining (unskilled to skilled) 
decline to lero by iteration 2 because of the relative surplus of 
skilled labor. Only at iteration 5 does a small level of such 
training reappear. 

Managerial and clerical labor are the only labor skills that are 
substantially scarce. Skilled and unskilled labor arc at no time 
tncommutcd over the five steps, while clerical labor is increasingly 
incommuted beginning with iteration L Managerial labor, being 
extremely scarce, is incommuted over all six levels. 

Labor By Skill Level and Agricultural Land (Shadow Price) 
Valuations. Shadow price (wage) valuations on labor skills for 
the objective function of maximiring the^egional balance-of- 
payments surplus— and for most of the capital-oriented 
objectives— show managerial labor to be the most valuable over 
the five iterations. The managerial (shadow price) wage ranges 
from a high of $8.56 per hour in iteration 0 to a low of $3.27 in 
iteration 4, rivng agaiain the last iteration. Clerical labor is the 
next most valuable, showing a range of $3 23 per hour to a low 
of $0.08. The wage range for skilled labor is $2.78 to $0 00 per 
hour, for unskilled $2.74 to $0.00 per hour. A shadow price 
*Vage ' of tero (e.g.. $0.00) represents the linear programming 
valuation of a surplus (slack) resource. It does not mean that an 



Table 5— Labar tninsfcn bet%veen skills, regional balance-of-paymenis objective, adjusted planning 

model, BMW region, 1960-70 



Labor transfer 



Ckinstraint 
limits 



Iteration number 



2 



Maiuigerial to clerical 
Clerical to managerial 
Unskilled to clerical 
Clerical to unskilled 
Skilled to clerical 
Unskilled to skilled 



No limit 0 



0 



10,000 worker' hours 
0 0 



0 



195.10400 195:10400 195.10400 195.10400 195.10400 195,10400 195.10400 

B0J6I84 62.97441 80Ji6l84 80.36184 80.361 8\^.36l 84 80J6I84 

181.58400 0 0 0 0 0 0 

8.07123 0 8.07123 8.07123 8.07123 8.07123 8.07123 



315.74400 252.76959 207.74304 0 



0 



0 



57.58052 



actual ivagc in a region would be lero. The shadow price wages 
aie not ihc wage rates assumed in the model. The production 
activities were designed so that the average %vage rates assumed 
for labor vary not only among labor skills, but aflso among 
tnduftries. 

For the use and shadow |mce valuation of agricultural land, 
lesulu are given for the objective function of maximizing the 
balanceof-paymenu surplus. Such resulu are representative of all 
the capiul-oriented objectives. As in the Basic Model, only 
cropland is 100 percent used in the base level and that full usage 
continues over all subsequent iterations. Other land types show 
generally a deaeasing percentage usage rate over iterations 0 
through 5. Since cropland is the only scarce land factor in the 
model, it yields the only land shadow price vali&tion. This 
cropland price varied between |S08 and $353 per acre. 

Concltiiions 

Prescriptions for planning economic development in rural areas 
using the resulu of this study (RDAAP) arc difficult to assert 
with complete assurance because the model's resulu may be 
sensitive to the particular data and version of the^riodel used, and 
they may penain only to the specific area to whicrT the study 
methodology is applied. Such sensitivity was not discovered in 
the sensitivity analysis that was performed, but since the scope of 
this analysis was quite limited, the possibility of more than 
modest sensitivity ^nnoi be completely ruled out. However, one 
can expect the more general insighu to hold for alternative 
applications. That is. those resulu observed repeatedly for many 
versions of RDAAP can be expected to have general validity for 
areas similar to the BMW region. Application of the methods 
used should have even wider scope. 

Tradeoffs between alternative objectives are shown to be a 
universal planning problem. The range or size of the uadeoff is 
larger between a capital-oriented and a labor-oriented regional 
objective than between individual pairs within each category. 
Opportunity cosu increase for end-poinu compared with costs for 
midpoinu on the tradeoff curves. This suggesu it may be better 
to achieve somewhat less than the maximum of one objective in 
order to gain sizable incremenu in another. 



Interpreting model results in terms of industry characteristics 
injkiead of product mix increases the applicability of the linear 
programming model. Low transportation costs on exports of 
manufactured products are overwhelmingly the most important 
determinant of improved levels of regional objectives. 

Industries with a low capital intensity relative to output, a high 
\alue added relative to both labor and output, and a high propor* 
tion of imported inputs relative to output are shown to yidd, in 
general, higher values for regional objectives. Moreover, if a labor 
skill is sciarce (e.g., managerial), an increase in its use by an 
individual industry lessens that industry's benefit to the 
community. These observations c^n be of use to the planner in 
selecting the types of industries most beneficial for the planning 
area. 

The agricultural results from the m<2del show that it is 

always advantageous to conVert farmland frbm the land use 
pattern of the lower income farms to that of the higher income 
fai*ijj>*. The model reveals that the more open an area is to 
labor and commodity flows, the larger rs its total production, and 
the lower is it5 unemployment. 

hi constructing a model such as ROAAP, care must be taken to 
insure its conceptual integrity As an example of this. RDAAP 
was improved by adding a sector which invests in and "releases" 
labor from the base-year economy. This creates a tie between the 
old and new sectors such that the increase in labor force between 
the base and target years will not have to produce the 
consumption and income increment for the old sector, in 
addition to producing the entire target-year level for themselves 
(the new sector). 

The experiments with various model versions of RD.\.^P 
demonstrate that modest changes and imfitovemenis in the struc- 
ture of the model can lead to results useful for regional planning. 
Mixiels not specirically designed fOr predictitig or forecasting 
cannot be evXpected to perform those functions adequately. 
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